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MEASURED AND PREDICTED SECTION WAVE DRAG COEFFICIENTS 

AT A MACH NUMBER OF 1.6 FOR A DELTA WING 

WITH TWO AIRFOIL SECTIONS 

By Frederick C. Grant 

SUMMARY 

Experimental and theoretical section wave drag coefficients for a 
60' delta wing with two airfoil sections are presented for a Mach num- 
ber of 1.6. One airfoil section was an NACA 63AOO6, and the other was 
that 6-percent section which gives a delta wing the longitudinal cross- 
sectional area distribution of a Sears-Haack optimum body of revolution 
for a given length and volume. 

For a given airfoil section the experimental chordwise pressure 
distributions were much the ssme at every spanwise station. Hence, the 
results showed only small measured variations of section wave drag coef- 
ficient along the span in contrast to the larger variations predicted 
by linear theory. 

The experimental spanwise drag loadings were nearly the same for 
the two airfoil sections. The 65A wing had about three-fourths of the 
wave drag coefficient of the Sears-Haack wing. The linear theory did 
predict the 63A section to be the better section at a Mach number of 1.6, 
but made a 17-percent error in the amount of the drag of this section. 

INTRODUCTION 

The section wave drag coefficient is not usually constant along the 
span of a wing and is sometimes subject to large variations. (See 
refs. 1 and 2.) Experimental variations of wing-section wave drag are 
needed to evaluate the accuracy of the linear theory. This paper will 
give a comparison of the theoretical and experimental section wave drag 
for two airfoil sections on a delta plan form. One airfoil section is 
such that the cross-sectional area distribution of the wing is that of 
a Sears-Haack optimum body of given length and volume. (See ref. 3.) 
The other airfoil is a standard 63A section. (See ref. 4.) The thick- 
ness ratio is 6 percent for both wings; thus, the wing volumes are not 
equal. 
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Polygonal approximations to the actual airfoil sections will be used 
in the theory. It is recognized that this assumption leads to infinite 
discontinuities in the linearized pressure distribution for ridge lines 
swept behind the Mach lines. Approaches treating the nose as actually 
blunt, such as those of reference 5, are needed to obtain realistic pres- 
sure distributions. Such a refinement in detail cannot be expected to 
influence greatly the spanwise variation of the integrated pressure 
distributions calculated for a polygonal simulation of an actual air- 
foil. Such spanwise variations are the principal concern of this paper. 

SYMBOLS 

C 

c 

'd 

Cn 

SD 

CL 

CN 

cP 

2 

m 

M 

n 

cross-sectional area 

wing span 

cotangent of Mach angle 

wing chord 

average chord 

section wave drag coefficient 

section normal-force coefficient 

wave drag coefficient of wing 

lift coefficient 

wing normal-force coefficient 

pressure coefficient on wing, P - PC0 
9 

wing length in stream direction 

tangent of semiapex angle of delta wing 

Mach number 

tangent of Mach angle divided by tangent of wing semiapex 
angle 
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N 

P 

p,arb 

q 

R 

t 

% 

t @ 

XYY>Z 

Xi 

Z 

Zi 

a,P,i 

'I 

Ah 

hi 

1 'CL 

P,Q,T,JJ 

number of sides of polygonal airfoil 

pressure 

summation limits 

dynamic pressure 

Reynolds number 

maximum thickness of wing section 

thickness ratio of polygonal airfoil 

p times the slope of a line from the apex of wing a to 
leading edge of wing S at station 7 tap = 0 for 7 = 0 

( > 

Cartesian coordinates 

chordwise position of the ith corner of polygonal airfoil 

height of surface from chord plane on test model 

height of ith corner of polygonal airfoil 

indices 

spanwise station, fraction of semispan, 7 = 0 on root chord 

slope change at corners of polygonal airfoil 

slope of ith side of polygonal airfoil 

root chord of arrow wing 

streamwise line integrals of pressure coefficients 

Subscripts: 

t tip 

m free-stream 
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MODELS 

The two steel semispan test models had the delta plan form shown 
in figure 1. The airfoil section and thickness ratio were constant along 
the span of each model. Based on the streamwise length of the models, 
the thickness ratio at the root was 6 percent. Orifices were placed in 
streamwlse rows at five spanwise stations which are marked in figure 1 

at the leading edge of the wing in 2x units. 
b 

The root sections of the two test models are shown in figure 2. 
The section labeled Sears-Haack is derived in reference 6 from the 
Sears-Haack body of minimum drag for a given length and volume. A 
constant-thickness-ratio delta wing with what is called, for convenience, 
a Sears-Haack section has the cross-sectional area distribution of a 
Sears-Haack body of minimum drag for given length and volume. The wing 
with the Sears-Haack section is called, for convenience, a Sears-Haack 
wing. On the test Sears-Haack wing the metal became too thin for 
machining near the trailing edge and the delta wing was cut off at 
90 percent of the chord. Consequently, the rear 10 percent of the length 
of the truncated model has the cross-sectional area distribution of a 
cone rather than that of a Sears-Haack body. The other curve shown in 
figure 2 is a standard NACA 65A thickness distribution. 

The cross-sectional area distributions of the two models are shown 
in figure 3. This figure shows that the 65A wing has more volume and 
a lower effective fineness ratio than does the Sears-Haack wing. These 
fineness ratios are 6.2 for the Sears-Haack wing and 5.4 for the 65A 
wing. 

TEXTS 

The models were mounted on a boundary-layer bypass plate and were 
tested in the Langley 4- by b-foot supersonic pressure tunnel, a closed 
return pressurized tunnel, which is described in reference 7. Pressure 
measurements were obtained with and without fixed transition near the 
leading edge. Two tunnel pressures were used to give Reynolds numbers 

of 2.0 x 10 6 and 4.3 x 10 6 based on the mean aerodynamic chord of the 
full-delta plan form. Data were taken at angles of attack up to 14O. 
The angles were set manually with the aid of a divided circle. 
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PRESSURE DISTRIBUTIONS 

For all the pressure distributions to follow, the Reynolds number 
of 4.3 x 106 was based on the mean aerodynamic chord of the full-delta 
wing. Transition is fixed unless otherwise noted. No significant effects 
of Reynolds number were observed. The pressure-coefficient data are 
given in tables I and II for the whole range of angles of attack and test 
conditions. 

Pressures at Zero Lift 

Normal to chord.- The chordwise pressure distributions over the 
wing sections at the five spanwise stations are show-n in figure 4 for 
the attitude of zero lift and circulation at a = O". The most distinc- 
tive feature of these plots is the small change in the distributions 
with spanwise station, particularly for the 65A section. Generally 
speaking, the pressure variation is much more smooth and gradual on the 
chord of the 65A wing. Higher negative peak pressures exist on the 
Sears-Haack wing. 

Parallel to chord.- The pressure distributions at a = O" are 
plotted against surface height in figure 5. Pressure values for one 
surface of the wing are shown for two boundary-layer conditions: a low 
Reynolds number natural-transition case, and a higher Reynolds number 
fixed-transition case. The area of the loop on either side of the 
22 - = 0 line is proportional to the section drag coefficient in each case. t 
It is plain that the influence on the section drag of fixed transition 
at the higher Reynolds number is rather slight. The high negative pres- 
sure peaks observed on the Sears-Haack wing in figure 4 are seen to con- 
tribute to higher drag coefficients on the Sears-Haack wing since the 
peaks occur behind the maximum thickness point. The higher positive 
pressures near the nose of the Sears-Haack wing also indicate higher 
drags on the Sears-Haack wing. These higher pressures near the nose 
can be attributed to the larger nose radius of the Sears-Haack section 
which is apparent in figure 2. 

Pressures at Positive Lift 

The chordwise pressure distributions are shown in figure 6 for 
angles of attack of 4O and 8O. The pressure peak characteristic of thin 
lifting sweptback wings at supersonic speeds may be observed near the 
inboard leading edge of the low-pressure surfaces at a = 8O. It can 
be seen to spread in the chordwise direction at the more outboard 
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stations. At the most outboard station 2y= 
b 

0.80, the flow on the low- 

pressure surfaces appears to be separated. 

INTEGHATED PRESSURES 

Zero Lift Conditions 

Experimental section wave drag coefficients along the span and 
experimental spanwise wave drag distributions are shown in figure 7. 
Corresponding values computed by the linearized theory technique out- 
lined in the appendix are shown for comparison. For theoretical computa- 
tions the Sears-Haack wing was considered to be a complete delta wing. 
It is interesting to note in figure 7(a) that the large spanwise gradients 
in section drag coefficient predicted by linear theory for the Sears-Haack 
section shape do not appear. In fact, there is little spanwise change in 
actual section drag coefficient and nearly a constant difference in sec- 
tion drag coefficient between airfoils. This similarity in section drag 
coefficient distribution along the span is reflected in practically iden- 
tical normalized spanwise drag distributions as shown in figure 7(b). 
The increments'between airfoils indicated by the theory do not appear. 

To the right of figure 7(a) the values of CD according to the 
experiment and theory are marked on the same scale as Cd' The relative 
merit of the two wings is predicted correctly, but the magnitudes of the 
drags are not predicted correctly by the theory. The 65~ section is 
much better than was predicted. The close agreement of the measured and 
predicted values of CD for the Sears-Haack section must be regarded as 
fortuitous. 

Experimentally, the 65A wing has the lower drag. Qualitatively 
then, it seems that there is a contradiction since the Sears-Haack wing 
is supposedly equivalent to a body of minimum drag for a given length 
and volume. It must be remembered, however, that, although a Sears-Haack 
body may be an optimum body for M = 1 (as shown in reference 8 it is 
not, strictly speaking, an optimum body), it is not necessarily one at 
M = 1.6. In fact, if the optimum polygonal airfoil section for a delta 
wing of a given length and volume at M = 1.66 (ref. 6) is compared with 
the polygonal approximation of a 65A section as in figure 8, a close 
resemblance may be seen. The contradiction, then, is only apparent and 
superficial. 
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Lifting Conditions 

Corresponding to the pressures at a positive lift plotted in fig- 
ure 6, the integrated force coefficients are shown in figure 9. Addi- 
tional data at angles of attack of 2' and 6’ are included. 

Figure 9 indicates no significant influence of section shape on the 
span loading or normal forces. Linearized-theory predictions of these 
quantities are shown for comparison. 

CONCLUDING RDlARKS 

Small experimental spanwise variations of section wave drag coef- 
ficient for both wings occurred. Larger spanwise variations were pre- 
dicted by linear theory for the Sears-Haack wing. The small spanwise 
variations of section wave drag coefficient indicate that, for many cases, 
a strip theory of wing-wave-drag prediction would give accurate results 
if a good value of section wave drag coefficient could be estimated. 
Linear-theory predictions of section drag coefficients are obviously 
inadequate, in general. 

The experimental spanwise drag loadings were nearly identical for 
the two airfoil sections. Linear theory correctly predicted the better 
airfoil section at a Mach number of 1.6 but gave a 17-percent error in 
the amount of the drag of the 65A wing. The 65A wing had a wave drag 
coefficient that was about three-fourths of that for the Sears-Haack 
wing. 

Iangley Research Center, 
National Aeronautics and Space Administration, 

Langley Field, Va., March 6, 1959. 
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APPENDIX 

CALCULA~ON OF SECTION DRAG COEFFICIENTS 

General Considerations 

Consider a delta wing of unit root chord and semispan m. (See 
fig. 10.) The wave drag of such wings at zero angle of attack with 
N-sided polygonal airfoil sections is calculated by the methods of linear 
theory in references 6 and 9. If an integration in the streamwise direc- 
tion is substituted for the integration over the wing area, which is 
performed in reference 9, a section drag coefficient may be obtained in 
the following form: 

N b a N 

. cc 
Tap ah, A$ + cc %p Aha q3 (Al) 

a=p+l p=1 a,=p+l p=1 

The separate terms of this summation may each be regarded as the 
section wave drag of a wing p that is due to a wing a. Wings a 
and p are wedge-section delta wings of wedge semiangle Mu and 

A$, respectively. The apexes of wing a and wing j3 are at the a 

and p division points of the delta-wing root chord, if the leading 
edge is given the number 1. (See fig. 10.) The functions p and e 
are applicable to wings a with subsonic leading edges; p applies to 
the region between the Mach line and leading edge and IS applies to 
the region behind the leading edge of wing a. For a> p, wings a 
have supersonic leading edges and functions T and u are applicable. 
The function 7 applies to the region between the leading edge and Mach 
line; u applies to the region behind the Mach line of wings a. Com- 
binations of a and p for which there is no interaction are eliminated 
by restricting a 5 a and j3 5 b in the T and u summations. The 
AA values are proportional to the changes in slope at the corners of 
the delta-wing polygonal airfoil. The Ah values are defined as follows: 
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hi = %+l - 3 
tr ( xi+l - Xi) I 

9 

(A21 

The t, parameter in formulas (Al) and (A2) represents the thickness 
ratio of the polygonal section. Special restrictions of M are implied 
by the conditions that there is no downwash behind the trailing edge and 
that the airfoil thickness is zero at the trailing edge. These condi- 
tions, respectively, imply that for no downwash 

N+l 

c 
Mp = 0 

p=1 

and for a sharp trailing edge 

p=1 

me PJ a, and b limits 
the largest integers satisfying 

p < 1 + N(l - 

a< (N+l)(l 

of the summations in equation (Al) are 
the inequalities 

Bd 1 
- 7) + II~ + N(1 - Bmj i 

i 
r 

b< 
a - q/-l+ N(l - Bmjj 

1 -11 

PIN as:N blN i 

(A3a ) 

(A3b > 

(A41 

The symbol N represents the number of sides of the polygonal air- 

foil; 7 = z defines the spanwise station; and B = M ic is the 
cotangent of the Mach angle. 

I 



10 

The p function is defined by the formula 

(A5a) 

Formula (A5a) may be used when tap is outside the specified range 
of definition if a special argument t$ is substituted for tap as 

follows: 

t' UP = n, 
( 
t up'> na; tc9 < 0 

i: 

t' 
/ (A5b) 

UP 
=l 

( 
l> tap > 0 

1 J 
A special value of p is 

(A5c > 

Corresponding formulas for u are for nu > l> t > 0 

(A6a) 

( t up ' l; %Lp < 0) M?) 



A special value of the function inside the brackets is given by 

The formulas for 7 are 

c 1 = ? log, na (t = 1) 

P ' t ' 4 

t' 
UP 

=l PUP > 1; tap < 0 
1 

tt UP = nu (a 
'n > tap > 0 ) 

t' u,N+l = nu ( nu' %,N+l' O) 

and for u are 

11 

(A64 

(A7a) 

(ATo) 

(A7c > 

( l> %> t,p> 0; baa) 

t' 
UP 

= n, ( t UP > nu; tap < 0 
> (A8b) 

The argument tap may be written 

(A91 

The argument x is given by 

Bmn,= N- a+1 
N 
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Arrow Wing 

An arrow wing is formed if the point on the root chord which lies 
at a distance 1 - p from the apex is joined by straight lines to the 
wing tips of the delta wing of figure 10 and the V-shaped segment formed 
is taken as a new trailing edge. If on the new root chord of length 
(1 - !-A N equal divisions are marked, a polygonal airfoil may be con- 
structed as was done on the delta-wing root chord. The CCd Of this 
new wing may be calculated with the delta-wing formulas if minor sub- 
stitutions are made as follows. In formula (Al) the limit N must be 
increased to N + 1. The corresponding additional Ah value, LQ,N+1 is 
obtained from condition (A3a). The only other change is the substitution 
of the value N' = L for NJ where 

(A6), (A7), (A8), aAd-(!lO). 

N appears in the formulas (A&), 

In formulas (A4), however, the substitution 
should not be made in the inequality PJ aJ b 5 N. In this inequality 
N becomes N + 1. The quantities c, cd9 and t, are, of course, all 
arrow-wing values. 

Root Section (7 = 0) 

In the case of the .root section the formulas for tap, p, u, 7J 
become somewhat simpler in form than those of the general case. The 
relations are 

_ nu - 9 7 
tap nu 

P 
43 = %p =o 

uup = inu>- 1 cash-'n, 

uup = la"- 1 cash-%, 

uup = vi yn2g - sin-lnu) 

(a 2 a) 

(a< P> 

(a>= P) 

b < P> 

(All) 
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Tip Section (q = 1) 

At the tip section the p, u, and T functions and the u sum- 
mations vanish; these conditions indicate that ccd = 0. In order to 
evaluate the limit of cd at the tip the limiting values of $ times 

p, 6, and T must be calculated. For $ and g the limit is compli- 

cated by the fact that the subsonic ridge lines, along which the pressure 
has an infinite discontinuity, intersect at the tip. A finite limit in 
this case is preserved by the sharp trailing-edge condition (eq. (A3b). 
The limit at the tip may be evaluated by expanding equations (A5a) 
and (A6a) for p and CT in a power series about t = 1 and taking 
the limit in equation (Al) as c goes to zero. The resulting limit 
may be written as 

(A12 1 

where the values of are given by 

(A13 > 

as c goes to zero. 
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..031 -.Z‘O 
..079 -.2.7 
..08. -.293 
..037 -.272 
.083 -.211 
.119 -.151 
.135 -.l,‘ 
.13‘ -.I,9 
.133 -.1,3 
.130 -.138 
.lP7 -.134 
.121 -.129 
.E2 -.127 
.125 -.I24 
.lZI -.122 
.024 -.097 

.341 .lO, .292 
,372 -.274 .,77 
.308 -*a5 .a, 
.2M -.27. .370 
.2,7 ~193 .3" 
.22. -01.8 .u9 
.207 -.l,, ,30, 
.lW -.152 .2,2 
.1a7 -.154 .291 
.1.4 -.1w .tu 
.1.2 -. 1.3 .272 
.172 -.14, .264 
.1,7 -*l., .2U 
.I39 -.17, .221 
.I16 -*la9 ,207 
.I09 -.20, .lW 
.095 -.a6 .180 
.9.31 -.223 .l&‘ 
,036 -.2,4 .lA‘ 
.oo, -,2e .OPT 
.021 -.2w .1*1 
.071 -.236 ,lU 
.081 -.2,0 ,196 
.079 -.22, .1*9 
.094 -.21, .205 
.109 -.20* .230 
.134 -.I., .255 
.ll. -.151 .242 
.lS, -.I75 .2‘0 
.,27 -.173 .zu 
.127 -.175 .2U 
.11‘ -.171 .27. 
.I41 -.1‘2 .27. 
.1.3 -.1ti .271 
,146 -.I‘2 .2.5 
,141 -.1*1 .289 
.lbl -.1‘4 .290 
.l,, -.1,1 ,291 
.149 -.lU .271 
.lz2 -.16, .23a 

WC 

.ooo 

.031 

.059 

.OU 

.I14 

.*7J 
,507 
.5W 
.,Ll 
.590 
.a7 
.W 
.‘75 
.lOJ 
.7Pl 
.757 
.7a. 
.US 
.Ul 
.U. 
.a97 
..I1 
..a 
.9s, 
.Wl 
.9b4 
..I, 
.99‘ 

.OIO .ooo 

.*u .024 

.3.7 .051 

.3‘7 .O-lV 
,347 .107 
.,I‘ .I34 
.311 .1‘S 
.2w .190 
.279 .21* 
.271 .2U 
.2Y .274 
,237 .101 
.214 .330 
.200 .357 
,190 .385 
.1n A12 
.1*1 .470 
,120 .49‘ 
,074 .525 
,047 .5,2 
.014 .I79 
.lU ,‘O. 
.2M .M, 
.2H .UJ 
.ze, .‘Pl 
.PU .718 
.290 .7.7 
.2.0 .rn 
,290 ..Ol 
. 291 .I,0 
.2U .U5 
.2H .,.l 
.rte ..Y 
.125 .997 
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- 
,000 
. ozc 
.049 
,012 
,103 
.135 
.16, 
,220 
,275 
,330 
,386 
,470 
0 497 
,526 
.551 
.,a0 
.b07 
.‘35 
,663 
,691 
,719 
.74‘ 
,774 
,802 
..530 
.SS‘ 
.9.2 
.9“ 
,997 

.ooo 
,019 
.048 
.07‘ 
,104 
.12‘ 
,165 
,215 
0275 
.,31 
,385 
,468 
.497 
,525 
,553 
,580 
1.09 
,635 
.“4 
,716 
,777 
is29 
1885 
,942 
4 

.019 

.411 

.381 

.352 

.324 

.320 

.279 
,249 
.240 
.219 
,091 
.05‘ 
.026 
.031 
.122 
,236 
,287 
.294 
,299 
,302 
.304 
.303 
.303 
.30a 
,299 
,279 
.279 
,142 

.lSl 

.413 

.410 
,400 
.379 
.35* 
.333 
.303 
.270 
.232 
.189 
.lOO 
.0‘3 
,026 
,042 
.07‘ 
,237 
.290 
,329 
,326 
.321 
.327 
,338, 
3 

.soi ..- .278 .253 .20* 

,149 -.25a ,212 -,322 
,121 -.255 ,180 -.319 
.093 -.2*1 .149 -,304 
.077 -.238 .12a -.307 
,072 -.22a ,127 -.x04 
,049 -.*12 ,093 -.303 
.o25 -.202 ,068 -.30‘ 
,009 -.La3 .051 -.*a9 

..oi5 -.I88 .021 -.235 
,.09s -.229 -.0‘S -,242 
,.133 -.*bO -.lOO -,2*9 
,.I58 -.zal -.iza -.299 
,.151 -.284 -.12‘ -,304 
..I27 -.272 -.o95 -,207 
..lOO -.2,2 -.05S -.2‘0 
,.061 -.206 -.OZl -.230 
,.03‘ -.,a7 .009 -.212 
,.oia -.I75 ,047 -.205 
,013 -.15‘ ,076 -.1*7 
.034 -.145 .oaa -.I76 
,056 -.132 :::: -.1‘3 
.O‘l -.12o -.15, 
,072 -.lOl .104 -.I38 
,063 -.092 .095 -,1*5 
.051 -.oaa .oal -,I21 
.052 -.oa5 .oal -.119 

..oi5 -.082 lofam -.095 _ 

,211 
-.0‘5 
-.143 
-.157 
-.149 
rr1.s 
-.1,5 
-.l,a 
-.15* 
-.I‘9 
-*la9 
-.22a 

i 

-.2*3 
-.251 
-.239 
-.230 
-.22* 
-.224 
-.221 
-.203 
-.I78 
-.1*1 
-.1*0 
-.127 

;i*o 333 

.075 -.,a2 

.05‘ -.171 
,030 -.161 
,017 -.159 
.013 -.1*9 

-.00‘ -.l*a 
-.021 -.155 
-.040 -.157 
-.059 -.166 
-.l3a -.217 
-.lb, -.Z** 
-.iaz -.2‘9 
-.I59 -.259 
-.150 -.239 
-.150 -.227 
-*126 -*iOZ 
-.o94 -.169 
-.O‘l -.1*5 
-.035 -.125 
-.022 -.125 
-.006 -.120 

.oo7 -.115 

.O27 -.093 
,025 -.o73 
.Ol. -.068 
.013 -.O“ 

-.042 -.099 

.129 .Oik 

.310 -..3‘ 

.*so -.432 
,252 -.*25 
,219 -.425 
.21‘ -.420 
.lSO -.420 
,152 -.429 
,127 -.,29 
,097 -.*a0 
.005 -.a0 
.O,l -1.32 
,073 -.434 
.073 -.4?.2 
,046 -.425 
.O11 -.,lS 
. 100 -.411 
,138 -.404 
.I52 -.397 
.A‘5 -.390 
,166 -.379 
,168 -.37, 
.1‘2 -.3*5 
.I72 -.35a 
.l‘l -.a51 
.,,a -.319 
-148 -.287 
.054 -*la0 -___ 

.*43 -.305 

.356 -.**5 
,312 -.*34 
.291 -.*32 
.2** -.,32 
.239 -.*a2 
,214 -.432 
l la1 -.*30 
,143 -.427 
.llO -.,31 
.075 -...l 
,003 -.*** 
.029 -.*42 
.0‘7 -,444 
,082 -.,*a 
,067 -.444 
,035 -.,*a 
,010 -.4*3 
.054 -.440 
.127 -..31 
,157 -.409 
,178 -.38. 
,193 -.359 
11.3 -,333 

0 zYlb= 0 

:310 .OlO 
,235 -.23* 
.152 -.29, 
,129 -.3la 
.lOb -.319 
.OS‘ r.321 
.0‘5 -.314 
,045 -.30a 
.017 -.30‘ 

,.Oll -,310 
..o,7 -.315 
..o98 
..120 1:;:; 
,.153 -.34* 
..l‘, -.340 
..154 -.337 
..133 -.333 
..117 -.331 
..094 -.315 
~071 -.2a5 
..03a -.a55 
,002 -.2*4 
.03a -.170 
.037 -.lS. --__ 

,000 .272 
,019 .068 

---i- 

,048 -.022 
,076 -*035 
,104 -6035 

.i;a 
-.l*O 
-.23a 
-*2*2 
-.259 
".2‘0 
-.2,8 
-.239 
-.233 
-a235 
-.2*4 
-.271 
-.285 
-.297 
-.290 
-.2s3 
-.277 
-.272 
-.25a 
-.22* 
..199 
..187 
*a175 
..16‘ 

-;r93 
.152 
,061 
.03‘ 
,027 
.Ol. 

-.OOS 
-.014 
-.0,7 
-.071 
-.lOl 
-.1,5 
-.1‘9 
-.197 
-.193 
-.176 
-.l.b 
-.lb. 
-01.8 
-,129 
-.101 
-.O“ 
-,02‘ 
-.035 -- 

XZi? 
,080 
,016 

-,o19 
-.O.‘ 
-.0‘S 
-.oab 
-,113 
-.lS‘ 
-.lS‘ 
-.1*7 
-.157 
-.139 
-,130 
-.ll‘ 
-.097 
-.lO. 

,126 c.049 
,165 -0059 
.215 -.072 
,275 -.oaa 
,331 -.lO, 
,385 -.133 
,468 -.lSl 
.49, -*zoo 
,525 -.219 
,553 -.203 
.580 -.193 
.‘09 -.189 
,635 -*la* 
. “4 -.lSl 

zY/b = 0.80 

-.003 
-.329 
-.3*2 
-.3*4 
-.3*7 
-.372 
-.375 
-.379 
-*3*7 
-.x3 
-.3.51 
-.3‘3 
-.3*3 
-.3‘S 
-,3‘4 
-.X58 
-.3,9 

Tn3 
.*** 
.166 
.ll‘ 
.085 
.O‘l 
,030 
.OOl 

-.09‘ 
-.iia 
-.079 
-.059 
-.035 
-.021 
-.003 

.019 
,017 

-.ilr 
-.397 
-.416 
-.415 
-*,15 
-.,la 
-.40* 
-.393 

I.- 
-.388 
-.389 
-.38a 
-.3a7 
-.X33 
-.381 
-.381 
-.380 
-0379 

,203 :;19-!r 
.291 -.*22 
,222 -.,*a 
,168 -,,I9 
,136 -.,l‘ 
.lll -,418 
.oa3 -..lO 
.050 -.,09 

-.053 -.,lO 
-.O‘. -.,12 
-.032 -.,ll 

,084 i2.2 
-.25* ,177 
-.313 .103 
-.318 .O‘l 
-.321 ,031 
-.327 ,004 
-.331 -.OZO 
-.339 -.o*a 
-.330 -.139 
-.328 -.159 
-.329 -.123 
-,329 -.lO. 
-.331 -.079 
-.32* -.o*a 
-.318 -.050 
-.313 -.032 
-.300 -.038 

-.OlO 
I 

-.407 
.017 -.405 ,030 -.*04 
.05‘ -,*o* 

_ 1..-- -086 -..Ol 
.113 -.395 
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XIC 

.ooo 

.031 

.059 

.085 

.114 

.1.3 

.170 

.199 

.227 

.255 

.282 

.310 
,339 
.36‘ 
.395 
..23 
.450 
,478 
.507 
.534 
.561 
.590 
.617 
.646 
,675 
.703 
.731 
.757 
.,a. 
.813 
.a,, 
.869 
.897 
,911 
.923 
.93‘ 
.9-/l 
,964 
.979 
.998 

.-iJ i 
I .- 

.3% 

.129 

.085 

.059 

.063 

.O53 

.029 

.02, 

.025 

.021 

.013 
-.003 
-.OO* 
-.OZO 
-.a22 
-.O% 
-.048 
-.054 
..I391 
-.114 
-.104 
-.06* 
m.060 
-.055 
-.0,7 
..033 
-.013 
..024 
..016 
..018 
..017 
..OlO 
..OOl 
..OOP 
..003 
.OOl 
.003 
,003 
.002 

..021 

.ooo ,350 

.024 .OO, 

.051 .O45 

.079 .clZO 

.107 .Oll 
,136 .003 
.1‘3 .ool 
.190 -.009 
,219 -.017 
.2M -.0.?1 
.27, -.022 
.301 -.034 
.330 -*Oh5 
.377 -.05, 
.385 -.O‘O 
.,I2 -.073 
.470 -.092 
.49‘ -.115 
.525 -.149 
.552 -.,a0 
.579 -.1% 
.‘08 -.l% 
.‘35 -.o*o 
.663 -.028 
.‘Pl -.010 
,718 -.012 
.747 -.ooa 
.775 -.w5 
,801 -.OO* 
.*30 -.Oclz 
.a5 -.OO. 
.941 
.P“ 2; 
.997 -.079 

L 

ANCLh OF ATTACK, a 

L 

:E 
,060 
.0311 
.029 
.02, 
.014 
.013 
.006 
.003 
,007 
.014 
.O21 
.033 
.0,2 
.05, 
.0‘6 
,073 
.108 
.132 
.120 
.OB5 
.073 
.074 
.067 
,054 
,035 
,042 
,032 
,035 
,031 
,022 
.OlO 
no21 
no19 
,017 
,015 
,013 
,016 
,035 

-.031 
-.033 
-.039 
-.042 
-.045 
-.046 
-.052 
-.ou 
-.073 
-.001 
-.996 
-.110 
-.132 
-.1** 
-.192 
-.200 
-.,*a 
-.OBO 
-.050 
-.035 
-.027 
-.02, 
-.023 
-.019 
-.017 
-.019 
-.017. 
-.ol‘ 
-.075 

.3*9 

.176 

.129 

::;: 
.079 

:::: 
.052 
,045 
.039 
.025 

::A: 
..003 
,.017 
..027 
W03‘ 
,.072 
,.lOO 
,.087 

::g:: 
,.038 
.,028 
,.013 
.OO‘ 

,.006 
,005 
.ooo 
.003 
.OlO 
.013 
.OlO 
.021 
.022 
102, 
,024 
,023 

e 

.350 

.025 

.OO‘ 
-.OOP 
-.014 
-,017 
-.027 
-.027 
-.033 
-.03a 
-.0,5 
-.o,a 
-.058 
-.0‘7 
-.080 
-.OBB 
-.100 
-.108 
-.141 
-.1*3 
-.I51 
-.117 
-.107 
-.108 
-.lOO 
-.007 
-.066 
-.075 
-.O‘.. 
-.O% 
-.0‘3 
-.055 
-.053 
-,052 
-.050 
-,04* 
-.048 
-.0,5 
‘.049 
* 

,320 .371 
.1,9 -.073 
.lOl -.073 
,065 -.017 
.051 -.087 
.0,5 -.01(, 
.040 -.0.35 
.027 ^.085 
.OlP -.O% 
.015 -.0.57 
,012 -.090 

,.003 -.093 
.017 -.101 
.027 -.108 

,,031 -.113 
,,052 -.I27 
,.065 -.142 
,,008 -.l‘l 
,.I24 -.I95 
..l‘l -,220 
.,“ -.2*9 
.,I27 -.200 
,.028 -.1*5 
.003 -.087 
.012 -.075 
,017 -.o“ 
,022 -.060 
.024 -,056 
,020 -.054 
,022 -.050 
,017 -,052 
,017 -.049 
.OZO -.049 

,.0‘S -.OB9 

.- 

- 

2ylb - ,O .I0 

.390 .31* 
,227 -.039 
.I70 -.O.O 
.124 -.0,2 
.125 -.O.P 
.115 -.049 
.084 -.055 
.089 -.059 
.083 -.O‘l 

:::: -.071 -*OL5 
.059 -.073 
.049 -.084 
,031 -.OPl 
.024 -.107 
.007 -.I11 
.ooo -.12, 

,.008 -.133 
,.050 -,r‘, 
..073 -,185 
..0‘3 -.175 
w023 -.I42 
..OOP -.I35 
,.OOP -.135 
,.003 -.I23 
,010 -.113 

-- 
.379 .Zbl 
.275 -.101 
.222 -.089 
.174 -.087 
,174 -.019 
,156 ^.083 
.lP‘ -.oa7 
,131 -.087 
.12‘ -.089 
,11* -,091 
.108 -.097 
,101 -.098 
.092 -.10* 
.O“ -.114 
.056 -.128 
.038 -.13* 
.031 -.1.8 
,023 -.15‘ 
.019 -.I#5 
,043 -.206 
.031 -.195 
.012 -.1‘6 
,025 -.l‘l 
.025 -.151 
,031 -.149 
,046 -.140 
.070 -.115 
.05a -.120 
,069 -.108 
.059 -.110 
.O‘Z -.108 
.072 -.lOO 
,077 -.097 
.071 -.099 
.083 -.09* 
.087 -.093 
.00, -.09. 
.08.3 -,092 
,084 -.091 
.053 -.097 

2ylb = 0.25 

2x .3-/l 
.209 -.158 
.152 -.157 
.115 -.147 
.090 -.lhl 
.085 -. 136 
.077 -,I35 
.O‘l -.132 
,051 -.I28 
.0*7 -.I27 
.03‘ -,12* 
.02, -.129 
.012 -.133 
,001 -.I41 
.003 -.I45 
,029 -.I50 
.041 -.I,1 
,.06.5 -.lflP 
,.107 -.219 
,.I,2 -.24, 
,148 -.254 
.105 -.225 
.003 -.149 
.029 -.I17 
.o,o -.lU 
.0,2 -.098 
.045 -.089 
,042 -.O% 
.OU -.08. 
.0,3 -.078 
.039 -.O‘O 
.038 -.075 
.O,l -.07, 

,.048 -.095 

.i80 .360 

.273 -.226 

.205 -.2.8 

.176 -,232 

.149 -.224 

.139 -.214 
,130 -,203 
.112 -.1a2 
.102 -.156 
.09* -.15a 
a081 -.155 
,070 -.15(1 
.055 -.1.3 
.O,l -.1** 
,034 -.172 
.006 -.1e., 

2:: - -.195 ,215 
.075 -.2,0 
,114 -.2‘S 
.111 -.2,2 
,065 -.248 
.045 -.1ao 
.073 -.1.‘ 
.080 -.136 

:::: -:::; 
l OIZ -.ll‘ 

:::: - -.115 .lO‘ 
.077 -.107 
.079 -.101 
,082 -.100 
,017 -.097 

.%. .220 

.329 -.I61 

.2&d -.144 

2:: -.137 -.124 
.196 -.I15 
.1‘5 -.lll 
.167 -.llO 
.lL3 -.llO 
.157 -.ll‘ 
.152 -.119 
.145 -.120 

:E -*123 -.132 
.08‘ -.14‘ 
.074 -.157 
.O“ -.l‘P 
.055 -.177 
.009 -.202 
.011 -.223 
.002 -.214 
.0*6 -.190 
,056 -.lM 
.052 -.183 
.ob. -.I71 
.Wl -.l% 
.102 -,139 
.091 -.I42 
.103 -.130 
.094 -.I27 
.099 -.129 
,108 -.I21 
,115 -.I18 
,108 -.I17 
.117 -.I18 
.122 -.I17 
.120 -.ll‘ 
.lZ, -.I15 
.117 -.116 
rp0-r -.1x 

.lio .i, 

.312 -.282 

.245 -.307 

.223 -.293 

.lP‘ -.290 

.101 -.28‘ 

.172 -.28, 

.159 -.270 

.I52 -.253 

.137 -.198 
,129 -.I,9 
.108 -.,80 
.094 -.18‘ 
,075 -.lBP 
.Obb -.I92 

:::: -*202 -.2l9 
.002 -.23* 
.0.4 -.2‘1 
.OIZ -.2*, 
.080 -.293 
.021 -.2,2 
.om -.218 
.117 -.1-/P 
.I22 -.1‘2 
,121 -.153 
.122 -.1.5 
.I22 -.lSP 
.ll‘ -.13‘ 
,115 -.131 
.lll -.I29 
,116 -.12, 
,117 -.I20 
.OlO -.09(1 - 

.3u ,101 

.381 -.2.1 

.321 -.272 

.271 -.275 

.272 -.25a 

.2*, -.1‘6 

.215 -.lS8 

.PI‘ -.lL4 

.208 -.1*7 

.1er -.I‘7 

.202 -. 1" 

.l" -,,,o 

.,‘I -.1,, 

.139 -.la, 

.I28 -.19‘ 

.112 -.206 

.105 -.21a 

.094 -.2*4 

.OU -.248 

.024 -.267 

.o*o -.2a 

.o*, -.239 

.099 -.235 

.094 -.235 

.103 -.223 

.12‘ -.213 
,147 -.1,5 
.13, -.193 
.149 -.1.5 
.132 -.1.1 
.13‘ -.1.2 
.14‘ -.1x 
.153 -.170 
.I52 -.1.9 
,161 -.1U 
.1‘3 -. 1‘3 
.l‘. -.1&b 
.I‘5 -*la4 

-.1‘s 
.122 -.1‘5 

;025 .2U 
.3‘2 -a382 
,302 -.390 
.279 -.379 
,251 -.31, 
,235 -.3U 
,224 -a333 
,213 -,,oo 
,194 -.403 
,115 -.,01 
,177 -.391 
.150 -.3&a 
11,. -.32‘ 
,113 ~275 
,103 -.249 
,081 -.247 
,069 -.252 
,029 -.zba 
.014 -1295 
-049 -.317 
1041 -132‘ 
,020 -.309 
,135 -.2% 
.1‘3 -.224 
.l‘, -.208 
.1‘7 -.191 
,166 -.1s. 
.l‘, -.183 
,159 -.181 
.15a -.1-/5 
,151 -.I69 
,160 -.1‘s 
.l‘l -.lU 
,030 -.113 

.2,7 
A-8. 

.3‘5 

.3‘3 

.303 

.300 
,296 

2:: 
.265 
.251 
.220 
,210 
.I92 
.179 
.I73 
.123 
,109 
.I32 
.I95 
.205 
,197 
.212 
.2,0 
.2Y, 
.ZU 
.2L6 
.257 

.29, 

.295 
,280 

3 

015 
.437 
.,OO 
1373 
.357 
.332 
.323 
.303 
.2*2 
.ZBO 
.2‘0 
.23. 
,221 
.202 
.I,5 
.I72 
.l‘l 
.l22 
.on 
.OY 
,079 
.I‘3 
,212 
,295 
.296 
.291 
.290 
.PPO 
.P" 
.PIP 
.2,2 
.29, 
.2*, 
z?3?E 

x/c 

.OOO 

.031 

.059 

.a15 

.114 

. 145 
,170 
. 199 
.227 
.255 
.2*2 
.310 
,339 
.3% 
,395 
,423 
,450 
.47a 
,507 
.%.. 
.5Ll 
.590 
.CL7 
.‘U 
.‘?5 
.103 
.731 
.7s7 
.?J. 
.8U 
.%l 
.8&P 
.a97 
..ll 
.923 
.PY 
.9,1 
.9‘4 
.979 

m 

.ow 

.924 

.051 

.079 
.lO, 
.lY 
.U3 
.lPO 
.219 
.244 
,276 
,301 
.330 
.357 
.a., 
.*12 
,470 
,496 
.525 
.552 
.579 
.‘OI 
.‘% 
.“3 
.‘Pl 
,118 
.747 
.775 

:% 
..‘5 
.P.l 
.P“ 
.w7 
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0 2 4 6 8 10 14 

x/c 
” L u L ” L ” L u L u L u L 

,142 

.379 

.3** 
,352 
.31* 
.333 
.2% 
.261 
,247 
,219 
.093 
.059 
.02* 
,042 
.142 
,242 
.211b 
.295 
.300 
,308 
,309 
,300 
,303 
,309 
,300 
.2*1 
.279 
* 

rooo 
,024 
,049 
a072 
0103 
,135 
.164 
*22c 
,275 
.33C 
,386 
:47a 
,497 
,526 
1551 
05BC 
,607 
a*.35 
.“3 
,691 
,719 
4744 
,774 
,802 
.*3a 
,886 
,942 
.9‘6 
z 

-- 
18, 1000 

,411 1019 
,412 ,048 
,393 ,076 
.372 a104 
.a., .11‘ 
.321 11‘5 
.a01 1215 
,274 1275 
.235 0331 
,191 1385 
.10* a.68 
,073 ,497 
,029 ,525 
,041 .553 
,150 .SBO 
,267 ,609 
,291 .‘35 
,316 ebb. 
,336 l 71* 
.32* ,777 
.331 ,829 
.342 ,885 
,304 ,942 

,.003 
.38‘ 
.379 
.323 
.287 
l 2b4 
,221 
.ll‘ 
,151 
.175 
.344 
.371 
,391 
,387 
.381 
,382 
,347 

r zoo 
00.3 
,103 
.l‘O 
121‘ 
.2“ 
,325 
,381 
,494 
r5.9 
,602 
a.62 
.717 
a771 
.*2* 
,884 
.93* 

ANCLE OF ATTACK, ‘a 

2ylb - 0 .41 
-- -- 
,094 I ,009 

0 
T -__ T - 

,000 .062 
.024 
.049 .022 
,072 .005 
.103 -.017 
,135 -.02* 
.164 -.029 
,220 -.03* 
0275 -.047 
.330 -.062 
.386 -.0*3 
.470 -.152 
.497 -.I*1 
.526 -.212 
.551 -.212 
,580 -.196 
,607 -.153 
,635 -.10* 
,663 -.0*7 
,691 -.069 
,719 -.053 
.746 -.0x* 
,774 -.OZ. 
.*02 -.01* 
.*30 -.oo* 
,886 -.003 
,942 -.010 
.966 -.005 
,997 -.059 

_--~ 
,084 .035 

,087 -.162 
,059 -.I49 
,039 -.146 
,020 -,l,, 
.01* -.l.l 
,007 -,136 

-,OlO -.136 
-.027 -.136 
-.052 -,148 
-.129 -.201 
-.160 -.229 
-,lPO -,254 
-.1*9 -.261 
-.l,O -1241 
-.122 -,20* 
-.077 -,I,2 
-.05‘ -.149 
-.03* -.135 
-,019 -.115 
-.007 -.105 

.005 -.OP. 
,014 -,0*3 
.021 -.072 
,024 -.065 
.013 -.0‘2 
.017 -.062 

-.052 -.o** 

- t - 
..029 L.025 

.303 -.431 
,292 -,433 
.259 -.,tP 
.222 -.433 
,227 -,427 
,191 -.425 
,161 -.433 
,135 -.427 
,101 -.427 
,002 -.42‘ 

..a37 -.42‘ 

..0‘7 -,,32 
~.O“ -.42* 
..031 -.*20 
.055 -.407 
,114 -.395 
,137 -.3*9 
.151 -,3*4 
,167 -,379 
.l‘B -.367 
.173 -.3,0 
.174 -.3‘5 
.1.30 -.351 
.171 -,329 
,159 -.307 
.159 -.291 
.053 -,195 

.330 -.44* 

.2,4 -.4.5 

.224 -.442 

.1*5 -.43‘ 
,164 -.,35 
.12, -..3* 
.0*2 -.427 
,026 -.,l. 
.03* -.412 
,005 -.407 
.031 -.403 
,113 -.500 
.1*9 -.39‘ 
.19* -.39* 
,219 -.391 
,199 -.a** 

.03* -.oo* 

.252 -.35* 
,233 -.3*5 
,205 -.3*9 
.175 -.3,0 
,176 -.3‘1 
,143 -.349 
,110 -.357 
,090 -.351 
,056 -.337 
,035 -.27‘ 
.071 -.2*5 
,099 -.30* 
,101 -.311 
.069 -,295 
,008 -.272 
,053 -.242 
,079 -.222 
,095 -.214 
,115 -.197 
,120 -.1*7 
,125 -,I79 
,126 -.168 
1138 -.I54 
,125 -.141 
,113 -.13* 
,114 -.133 
1024 -.0** 

,078 ,001 

,212 -.31‘ 
.l,, -.322 
,156 -.321 
,119 -.319 
,130 -.309 
.095 -.295 
.073 -0278 
,053 -.223 
.021 -.21* 
.070 -.253 
,104 -.275 
.1*9 -.300 
,131 -.305 
.lO. -.2*7 
,052 -.2‘1 
,007 -.22* 
,031 -.210 
.051 -.19* 
l 0‘8 r.180 
,076 ,171 
,080 ,160 
,085 .145 
,094 .134 
,087 .125 

i 
,077 .122 
,0*2 .11* 
,006 ,083 

2ylb= 0.60 

1 
.162 
.O,, 

-.I09 
-.096 
-.lO* 

.Obr, 
,037 
roll 

-.002 
-.017 
-.03* 
-.ObZ 
-.090 
-.137 
-.159 
-.1*4 
-.19* 
-.205 
-.1,8 

2yfb = 0.80 

,238 
.255 
.l,O 
,121 
,088 
,061 
,034 

-.010 

1 
-.105 
-,133 
-.0*7 
-.0*4 
-.037 

.OOb 

.032 

.C.P 

.045 

m ,258 
.043 -.030 
.103 -.ota* 
,160 -.o*o 
.216 -.094 
,266 -.109 
.325 -.132 
.3*1 -.153 
,494 -.2,1 
,549 -.262 
,602 -.234 
.662 -.206 
0717 -.177 
,771 -.166 
.*2* -.143 
,884 -.130 
,938 -.12, 

-.35* 
-.356 
-.X.0 
-1366 
-.36* 
-,3,3 
-,393 
-.3*3 
-.3,, 
-.370 
-.k% 
-.363 
-.360 
-,35, 
-.344 

,063 
,031 
,003 

-.01* 
-.059 
-,152 
-.17* L -.I35 
-.113 
-.0*7 
-.0‘6 
-.03* 
-.Ol. 
-1023 

I 
-.3** 
-. 388 



- 

19 

I. I 
x/c 

” i 

.ooo .367 

.031 .115 

.059 .082 

.085 .Obb 

.114 .05. 

.1*3 .o.o 

.170 .029 

.199 .024 

.227 .015 

.255 .OlO 

.2*2 .005 

.310 . 004 

.339 .OOP 

.366 .02* 

.395 .041 

.423 .049 

.550 .05* 

.*7* .0‘8 

.507 .104 

.53* .131 
,561 .123 
.590 .0*5 
.617 .0‘8 
.‘4‘ ,065 
.675 .05* 
.703 .0.3 
.731 .OZb 
.777 .037 
.784 .02. 
.*13 .033 
,841 ,034 
.869 .029 
.*97 .025 
.Pll .020 
.923 .01* 
.93‘ .016 
.951 ,017 
.964 .Oll 
.979 ,016 
.998 ,036 

.ooo .35. 

.024 ,070 

.051 .031 

.079 ,019 

.107 ,007 

.13‘ -*ow 

.1‘3 -.010 

.lPO -.OZO 

.219 -.OZ‘ 

.246 -.031 

.2-r. -.033 

.301 -.040 

.330 -.051 

.357 -.0“ 

.385 -.074 

.412 -.0*2 

.470 -.101 
.49‘ -.124 
.525 -.156 
.552 -.192 
.579 -.202 
.*o* -.175 
.‘35 -.079 
.663 -.032 
.bPl -.015 
.718 -.010 
.747 -.007 
.775 -.oo* 
.*01 -.OO* 
.*30 -.009 
,885 -.013 
.P.l -.Ol‘ 
.Pb‘ -.01‘ 
.997 -.093 

L I ” 

ANCLE OF ATTACK, 0 

.349 

.051 
,037 
.021 

:Z 
-.Oll 
-.009 
-.01* 
-.022 
-.032 
-.035 
-.0.7 
-.063 
-.073 
-.082 
-.090 
-.lOO 
-.135 
-.159 
-.151 
-.117 
-.09* 
-.OP. 
-.o** 
-.079 
-.O‘O 
-.068 
-.055 
-.Obl 
-.062 
-.055 
-.053 
-.049 
-.047 
-.0.5 
-.047 
-.042 
-.0.7 
-.0‘5 

.375 
-.Ol. 
-.039 
-.043 
-.o.* 
-.052 
-.0511 
-.065 
-.O‘b 
-.070 
-*075 
-.07* 
-.OPl 
-.lO. 
-.10* 
-.120 
-.13* 
-.157 
-.190 
-.219 
-.230 
-.20* 
-,11* 
-.077 
-.O.l 
-.051 
-.0.7 
-.044 
-.044 
-.042 
-.o.. 
-.o,. 

2Hb - 0.10 --~ 
.374 .322 
,lb2 -.OlO 
.129 -.007 
.097 -.016 
.o*. -.OZZ 
,069 -.031 
.055 -.039 
.049 -.039 
,041 -.044 
.036 -.050 
.033 -.058 
,021 -,062 
.017 -.Oll 
.003 -.0(17 
.Ol‘ -.09* 
.02‘ -.lOP 
,032 -.115 
.0.5 -.1*4 
,083 -.15‘ 
,109 -.180 
.103 -.172 
,064 -.l.O 
.047 -.125 
,043 -.123 
.033 -.113 
.023 -.102 
.004 -,0*3 

,015 .003 1:::: 
,011 -.0*4 
,010 ,006 4%;: 

.003 -.07* 
,001 -.073 
.003 -.0-/l 
.005 -.070 
.OQ5 -.O,l 
.OlO -,06b 
.OO‘ -.O?l 
.014 -.08‘ 

,380 ,218 
,220 -.070 
.110 -.057 
.146 -.053 
.127 -.051 
,111 -.060 
.092 -.0‘7 
,087 -.0‘5 
.07* -.070 
.073 -.073 
.070 -.0*2 
,058 -.0*7 
.051 -.095 
.031 -.lOb 
.Olb -.122 
. 000 -.132 
.OOl -.137 
,013 -.147 
.054 -.l,P 
.0*1 -.200 
.073 -.195 
.031 -.163 
.Ol‘ -.150 
.013 -.147 
.OOl -.137 
.OOP -.127 
.02* -.lO‘ 

:::t 
-.llO 
-.09* 

.01* -.103 

.OlP -.104 

.024 -.099 

.028 -.097 

.032 -.093 

.03. -.092 

.037 -.OPO 

.037 -.092 

.042 -.o** 
,037 -.OPl 
.015 -.103 

21/b= 0.25 

,334 .3*. .272 .375 
,126 -.104 ,193 -.1*0 
.0*3 -.,I5 .142 -.213 
.O‘l -.107 .115 -.l?, 
.o., -.102 .09* -,151 
,034 -.102 .0*2 -.143 
,024 -.lO. .071 -.142 
.Oll -.lO‘ .05‘ -.l.l 
,010 -.lO‘ .055 -.139 
.007 -.lOb .054 -.13* 
,004 -.llO .03‘ -.l.O 
.012 -.,I. ,026 -.143 
.022 -.121 ,016 -.149 
.0.2 -.I34 .007 -.l‘O 
.O.b -.137 .012 -.l‘l 
.O‘O -.149 .027 -.lll 
.07* -.16‘ .044 -.1*9 
.lOl -.1*5 .071 -.207 
.137 -.215 .lOP -.23* 
.173 -.242 .14* -.ZU 
.1*4 -.251 .I55 -.270 
.151 -.230 .1** -.24* 
.O.P -.l.‘ . 008 -.1-/o 
,006 -.lOP .031 -.135 
.007 -.OP. .o., -.122 
.012 -.0*5 ,047 -.ll. 
.015 -.0-m ,049 -.lO‘ 
.014 -.074 .04‘ -.102 
.014 -.072 .O.‘ -.099 
.012 -.070 .0.2 -.095 
.OOP -.071 .039 -.094 
.oo‘ -.071 .035 -.093 
.007 -.070 .038 -.092 
.o*o -.125 .057 -.123 

.374 .2Y 
,222 -.12. 
,223 -.105 
,190 -.0*4 
.l‘I -.o*o 
.153 -.0*5 
,135 -.0*9 
.128 -,0.3, 
.llO -.091 
,112 -.093 
.109 -.101 
,099 -,105 

:z',: - -.110 .I24 
,051 -.13* 

:::: - -.149 .155 
.021 -.1*4 

..023 -.193 
,.050 -.213 
..O.O -.209 
,002 -.1*2 
.01* -.170 
,022 -.1u 
.032 -,159 
,046 -.1* 
.0‘3 -.124 
.052 -.127 
.0‘3 -.113 
.054 -.11, 
.053 -,120 
,058 -,114 
,064 -.110 
,067 -.10* 

.070 ,072 - :::: - 

.on -.10s 
,073 -.103 
.071 -.10* 
,046 -.11* 

,201 .379 
,255 -.240 
.197 -.279 
.174 -.273 
,149 -.241 
,135 -,1*1 
,121 -.172 
.105 -.171 
,102 -.170 

::;; - -.1.7 .lU 
l 070 -.,*a 
,053 -.173 
.033 -.1*1 
.023 -.1*4 
,009 -,193 

.*007 -.20* 

..037 -.22* 

..000 -.255 

..120 -.21* 

.,1.23 -.2*5 

..“a0 -.2‘S 
,037 -.192 
,073 -.1,1 
.014 -.14* 
,015 -.140 
.O% -.133 
,012 -,12, 
.oeo -,122 
,077 -.11* 
.073 -.115 
.071 -.1l2 
,074 -.110 

..031 -.122 

.344 .204 

.311 -.1*3 

.275 -.171 

.23* -.lll 

.224 -.lOP 

.199 -.111 

.llP -.113 

.173 -.lll 

.162 -.113 

.159 -.1u 

.155 -.121 

.14* -.126 

.l,l -.130 

.lOb -.141 

.OPl -.155 

.085 -.1.* 

.074 -.173 

.Obl -.1*2 

.013 -.20* 

.013 -.230 

.002 -.225 

.042 -.ZOl 

.059 -.191 

.O‘l -.1*9 

.072 -.180 

.0*5 -.lb‘ 

.102 -.146 

.089 -.145 
,104 -.131 
.092 -.133 
.092 -.13‘ 
.OPP -.133 
.103 -.12. 
,107 -.125 
.lOP -.12. 
,112 -.123 
.I13 -.lZ‘ 
.11* -.121 
.112 -.l25 
.0*4 -.133 -- 

.12. .35* 

.314 -.291 

.256 -.333 

.229 -.333 

.204 -.Y‘ 

.,a4 -.310 

.171 -.245 

.158 -.209 

.158 -.199 

.142 -.193 

.130 -.192 

.115 -.191 

.097 -.194 

.07‘ -.190 

.065 -.ZOO 

.051 -.209 

.035 -.222 

.003 -.241 
,.04. -.I‘8 
,.015 -.290 
,.0*5 -.295 
.035 -.277 
.0*7 -.214 
.lz2 -.179 
.130 -.167 
.lz1 -.159 
.121 -.150 
.124 -.144 
.Lz, -.l.O 
.120 -.135 
.115 -.l32 
.112 -.ue 
.117 -.12* 
.OOl -.120 

- 

L 
x/c 

.356 ,100 .,Ob zs- 

.3** -.29* .*79 .031 

.3,3 ~219 .424 .059 

.290 -.2x .3f) *oar 

.271 -.I65 .357 .124 
,247 -.159 .,I, .141 
,226 -.1‘2 .311 .170 
.216 -,159 .300 .199 
.207 -.159 .2W .227 
.203 -.160 .288 .255 
.20‘ -.161 .273 .PU 
.195 -.144 .2,9 .310 
.lb5 -.1&a .24. .3,9 
.143 -.177 .220 .3U 
.129 -.192 .PlO .395 
.lZ. -.201 ,204 .429 
,112 -.210 .1*7 ,450 
.097 -.219 .lbP .47. 
.049 -.243 .11* .507 
.023 -,260 .093 .534 
.036 -.257 .llO .I‘1 
.0*5 ~237 ,143 .590 
.lOl -.22* .177 .617 
.09* -,226 .I72 .‘4‘ 
.lOP -.21. .lW .‘75 
.123 -.205 ,204 .703 
,142 -.1.7 .229 .731 
.129 -.1& .217 .757 
.145 -.177 ,238 .?U 
.132 -s174 .227 .813 
,131 -.17‘ ,235 ..41 
,138 -.173 .2u .B49 
.142 -.147 ,255 . ..l 
,147 -.163 .2‘0 .911 
.149 -.162 .2u .923 
.151 -.1‘0 ,266 .PY 
.I53 -.,.a .ZU ..*a 
.159 -.15d ,273 .9‘. 
.151 -.162 .2U .979 
.120 -.1LL m a 

.047 ,277 

.36‘ -.,a* 

.310 -.403 

.2‘2 -.399 

.253 -.396 

.235 -.396 
,219 -.3.4 
.211 -.3u 
.205 -.361 
.192 -.3*3 
.l*l -.3,2 
.155 -.323 
.13. -.3,4 
.1a1 -.306 
.lOP -.292 
,094 -.2*5 
.on -,268 
.03* -.277 
.OlO -.292 
.049 -.311 
.045 -.31* 
.015 -.303 
.137 -.251 
.llO -,216 
.n* -.202 
.I11 -.,*a 
.170 -.129 
.l‘b -.175 
.163 -.170 
.lbl -.152 
.155 -.161 

.15‘ .157 - :Y: - 

.030 ~127 

080 zci- 
.UP ,024 
.403 .051 
.372 .079 
,345 .lOl 
,331 .136 
.317 .lU 
.299 ,190 
.2w .219 
,279 ,246 
.255 .274 
.235 .a01 
,215 .330 
.lM .357 
.lS2 .3.5 
.175 ..U 
.lU .470 
.104 .496 
,053 .523 
.020 .552 
,037 .sze 
.lll .‘O. 
,240 .63, 
.2b8 .UL) 
.2n .691 
.26, .l,. 
.117 .747 
.267 .-I75 
.2u a01 
.2&4 .830 
.2u l u5 
.2-n .Hl 
.272 .9u 
.lO‘ a-7 



ANCLE OF ATTACK, a, 

0 2 4 

x/c 
u L u L ” L 

.ooo ,380 
,024 
.0.9 .OOP 
,072 -.oo, 
,103 -.020 
.135 -.032 
,164 -.022 
.220 -.047 
.275 -.o*o 
,330 -.068 
,386 -.o*. 
,470 -.157 
.497 -.1** 
.526 -*217 
,551 -.221 
.580 -.201 
,607 -.159 
.635 -.120 
,663 -.102 
.691 -.0*3 
.719 -.064 
,746 -.o.* 
,774 -.033 
,802 -.023 
.*30 -.01. 
,886 -.oo* 
,942 -.022 
.966 -.020 
,997 -.072 

,000 ,260 
,019 ,067 
,048 -.022 
,076 -.0.1 
,104 -.033 
,126 r.047 
,165 -.b58 
.215 -.066 
.275 -.0*7 
.331 -.lOO 
.385 -.138 
.468 -.17* 

I 

,497 -.199 
,525 -a224 
.553 -.237 
,580 -.236 
,609 -.214 
,635 -.1*9 
.b64 -.159 
,716 -.I38 
,777 -.131 
,829 -.103 
,885 -.ObP 
,942 -.0*9 

-.086 
-.0*9 
-.0*9 
-.09* 
-.0*9 
-.lO. 
-.114 
-.115 
-.134 
-.lP, 
-.22* 
-.2,* 
-.255 
-.236 
-.201 
-.162 
-.14, 
-.123 
-.104 
-.091 
-.076 
-.064 
-.051 
-.044 
-.054 
-.051 
-.089 

-.I65 
-.154 
y.153 
-.149 
-.1.7 
-.157 
-.,?I 
-.188 
-.229 
-.245 
-.259 
-.271 
-.275 
-.251 
-.234 
-.213 
-.186 
-.168 
-.151 
-a124 
-.147 

,346 .329 

11.19, 
.205 

,292 
,072 
,011 

-.017 
-.042 
-.063 
-.0*4 
-.llO 
-.192 
-.237 
-.206 
-.153 
-.132 
-.122 
-,lll 
-a095 
-.lOl 

Zylb= 0.60 

,073 7,339 
,059 -.346 
,042 -.339 
,018 -.339 
,011 -.340 
,060 -.341 
,102 -.354 
.130 -.3‘0 
,163 -.367 
.1*2 -.370 
,188 -.370 
,153 -.357 
.I22 -.349 
,089 -.325 
,066 -.259 
.042 -,213 
.009 -.203 
,027 -.186 
,019 -.215 

.29a -.lii- 

.285 -.339 

.20* -.372 

.1*5 -.385 

.162 -.3*4 

.139 7.385 
,122 -,387 
.OP‘ -.386 
,065 -.3*9 
,035 -.393 
.OlO -.401 
,061 -.419 
.093 -.425 
.130 -.433 
,144 -.434 
.150 -.426 
.llO -.420 
,071 -.414 
.031 -.400 
.ooo -.370 
.026 -.330 
,058 -.294 
.o** -.256 
.0‘7 -.257 . 

2Y/b= 0.80 

;2id .204 ,151 x9 .034 .033 

-.330 
-,33* 
-.341 
-.341 
-.33‘ 
-.32‘ 
-.251 
-.22. 
-.226 
-.265 
-.285 
-.309 
-.317 
-,301 
-.271 
-.241 
-.22* 
-.213 
-,197 
-.186 
-.177 
-.lbb 
-.153 
-,I39 
-.137 
-.133 
-.09* 

.273 -.372 

.242 -.377 

.217 -.3*0 

.I92 -.381 

.I88 -.37‘ 

.1*7 -.,-I, 
,115 -.375 
.OPP -.322 
.068 -.282 
.027 -.299 
.064 -.310 
.092 -.325 
.093 -.328 
,065 -.315 
.007 -.290 
.054 -.2*4 
.0*2 -.248 
,106 -.235 
.121 -.221 
.126 -.210 
.133 -.203 
.133 -.193 
.140 -,179 
,132 -.163 
.112 -.162 
,114 -.15* 
..026 -.ll. 

.330 -.4*9 ,419 

.299 -.452 .3*5 

.278 -,4.7 .365 

.237 -.,45 ,322 
,243 -.440 .324 
.193 -.437 ,275 
,164 -.436 ,243 
,142 -.421 .229 
.114 -.39* .lPP 
.OlO -.,03 ,073 
.025 -..07 ,038 
.058 -.411 .OOb 
.05* -.415 .Oll 
.024 -.406 ,085 
,051 -..oo .197 
,116 -.394 ,255 
.142 -.392 .2‘8 
,160 -.3*5 ,277 
,173 -.377 .282 
,174 -.369 .282 
.174 -.363 ,281 
.174 -.355 .279 
,178 -,345 ,289 
.170 -.325 ,272 
,151 -.307 .257 
,146 -.295 .25‘ 
.053. -.127 .12* 

.z*i 000 
,165 -.352 
,094 -.3** 
,049 -.383 
.025 -.3*4 
,002 -.3** 

-.024 -.393 
-.055 -.399 
-.I51 -.425 
-,202 -..lb 
-.lb3 -.408 
-.lOb -.404 
-.0*3 -..Ol 
-.073 -.397 
-.ObO -.3** 
-.03* -.372 
-.042 -.350 

:E 
,078 
,055 
.027 

-.005 
-,OPb 
-.153 
-,lll 
-,ObO 
-.031 
-.OOP 

.007 

-;101 .207 -.l*b 
-.411 ,289 -.*50 
-.43* ,218 -.465 
-..30 . lb5 -.*59 
-.430 ,135 -.559 
-.432 ,114 -...l 
-..34 .o** -.462 
-.43* .053 -.4‘2 
-..5‘ .049 -.470 
-.445 ,112 -.4*3 
-.439 .0‘5 -..bO 
-.*37 .005 -.459 
-.435 .0*2 -..57 
-.434 ,056 -.456 
-.430 ,073 -.455 
-.423 ,097 -.553 
-.413 .lOO -.450 

.2*5 -.176 
,340 -.399 
,283 -..23 
,255 -.430 
.231 -.527 
,207 r.434 
.1ei -.424 
,156 -.423 
.ll‘ -.426 
,084 -.430 
.040 -.434 
,016 -..** 
.048 -.451 
.084 -.*57 
,103 -..b1 
,109 -.456 
.ObO -.450 
.014 -.,,, 
,033 -.434 
.ObP -,409 
.097 -.372 
,123 1.344 
,148 -.31* 
,122 -.30* 

:% 
-.3li 
-.a2 

.334 -.475 

.306 -.46‘ 
,283 -.4‘2 
.258 -..*o 
.232 -.*59 
.lPP -.459 
,161 -.459 
,130 -.463 
,085 -.**o 
,020 -.453 
.013 -..47 
,057 -.4*2 
.073 -.439 
.077 -..36 
,014 -.432 
.047 -.430 
.lOl -.42* 
,140 -.420 
.lb. -.410 
,181 -.403 
,195 -.392 
.l‘. -.3*3 

- 
.194 
,413 
.403 
,385 
,365 
.a.* 
,314 
.2** 
.247 
.21* 
,164 
.091 
.055 
.013 
.003 
,052 
.215 
,256 
.290 
.301 
.303 
,301 
.317 
,273 - 

000 
.024 
,049 
,072 
,103 
,135 
.16. 
,220 
,275 
,330 
,386 
.470 
,497 
.52‘ 
.551 
.5*0 
,607 
.‘35 
.bb3 
.‘91 
,719 
I 746 
,774 
.*02 
,030 
,886 
.942 
,966 
. 937 

- 

2% 
,048 
,076 
,104 
6 12‘ 
.1‘5 
.215 
.275 
,331 
1385 
,468 
,497 
1525 
,553 
1580 
,609 
,635 
,664 
171‘ 
,777 
,829 
,885 
,942 
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x/c 

2;; 
.059 
,085 
.ll. 
.I43 
.I70 
.199 
,227 
.255 
.2*2 
.310 
.339 
.36‘ 
.395 
,423 
,450 
.*7* 
,507 
.534 
,561 
.590 
.‘17 
.64‘ 
,675 
.703 
,731 
.757 
.7** 
.*13 
.**1 
,869 
.*97 
.911 
.923 
.93‘ 
.951 
.96. 
.979 

2PxL 

.371 

.126 

.0*3 

.057 

.05. 

.04* 

.025 

.024 

.Olb 

.OOP 

.oo* 
..003 
..OOP 
..026 
..039 
'.048 
..055 
'.066 
..lOl 
..127 
..11* 
..o*o 
'.Ob. 
..063 
..055 
..0.3 
..o** 
..037 
..025 
..034 
..033 
..OZ‘ 
..021 
..OlP 
,.01* 
,.015 
..015 
..OlO 
..015 
LO* 

. 000 .351 

.024 .o*, 

.051 .0&3 

.079 .OO? 
,107 -.001 
.13‘ -.OOL 
.1‘3 -.009 
.lPO -.012 
.219 -.016 
.24b -.024 
,274 -.027 
.301 -.039 
.33O -.051 
.357 -.064 
.3*5 -.072 
..I2 -.0*4 
.470 -.101 
.496 -.124 
.525 -.157 
.552 -.1** 
.579 -.19* 
.608 -.lb5 
.b35 -.0*5 
,663 -.033 
,691 -.019 
.718 -.015 
,747 -.010 
.-I75 -.010 
.*01 -.OlO 
.*30 -.OoP 
.**5 -.013 
.941 -.015 
.Pbb -.013 
,997 -.091 

ANCLE OF ATTACK, B 

-/ 

-, 
-, 
. 

-/ -, 

;ssr 
.O“ 
.o,o 
.017 
.015 
.OOP 

2%: 
,013 
,022 
.028 
.031 
.045 
,062 
,071 
.078 
.0*7 
,097 
.132 
,156 
.147 
,111 
,096 
.095 
.o*, 
,077 
,057 
,065 
,054 
,058 
.057 
.050 
,048 
.O.‘ 
,043 
,041 
,042 
,038 

:t:: 

T 

:3-77 
,003 

-r019 
-*044 
-,054 
-.050 
-.056 
-,057 
-,0*1 
-,Obb 

.331 ..390 

.144 -.095 

.092 -*o*a 

.055 -.lOO 

.0*2 -.10* 

.039 -.lO? 

.033 -.100 

.02. -.OPP 

.Oll -.101 

.OlO -.104 

.007 -.105 
-.OOP -,llO 

-.o** -.022 -.11* 
-.09* -.037 -.129 
-.105 -.045 -.135 
-.120 -.Obl -. 149 
-,135 -.0-r‘ -.l‘. 
-,156 -.099 -.1*2 
-.191 -.13* -.213 
-.217 -.no -.237 
-.22‘ -.1*0 -.245 
-,197 -.142 -.221 
-,104 -.037 -.133 
-.072 -.005 -.103 
-.059 .OOb -.OPl 
-.052 ,013 -.083 
-.047 .015 -,0-f? 
32 ,013 .014 -.073 -.o,. 

-,O.l ,011 -.067 
-.o.* .007 -.070 
-.o.. ,003 -.ObP 
-.043 .OO‘ -.067 
-,110 -.0-l* -.115 

.332 

.oo, 
.132 -.001 
.0*9 -.017 
,088 -.02. 
.079 -.023 
.055 -.039 
.053 -.03* 
.0*5 -.042 
,040 -.050 
.035 -.05* 
.025 -.059 
.017 -.070 

,.OOl -.OBb 
,015 -.096 

,,026 -.I05 
,,031 -.112 
,.o** -.122 
.0*1 -.I54 
,.lOb -.176 
,101 -.1‘7 
.057 -.135 
.043 -.121 
,040 -.120 
.032 -.112 
.OlP -.lOl 
,002 -.0*2 

$2 
-.o** 
-.077 

::::A 
-.0*1 
-.0*1 

,.OOb -.O?, 
.ooo -.Ob* 
,002 -.071 
,005 -.ObP 
.OOb -.06‘ 
r009 -.Ob* 
,013 -.063 
.oo* -.Obb 
017 -.o*o 

2y1b . 0.10 

.382 .300 

.223 -.055 

.179 
,136 1:::: 
.131 -.05* 
,117 -.05‘ 
.0*7 -.06‘ 
,085 -.0*2 
.OBO -.067 
.072 -.073 
.068 -.o*o 
.059 -.083 
.049 -.094 
.031 -.107 
.015 -.121 
,005 -.129 
.OOl -.13‘ 
,.013 -.146 
.055 -.175 
.079 -.197 
.073 -.191 
.030 -.lbO 
.014 -.147 
.011 -.I.? 
.oo* -.13* 
.Oll -.12‘ 
.02* -.105 
.Ol‘ -.I10 
,028 -.09* 
.01* -.102 
,019 -.lOl 
,025 -.095 
.031 -.092 
.033 -.OPO 
.O,b -.OPO 
.037 -.o** 
.039 -.0*9 
,044 -.0*4 
.038 -.o** 
.91.3 -.OPP 

Zy,b= 0.25 

.272 .372 

.209 -.170 
,144 -.179 
.lll -.145 
.0*9 -.148 
,083 -.156 
.075 -.143 
.ObP -.138 
.057 -.139 
,055 -.139 
.0.2 -.139 
,029 -.142 
,018 -.147 
,000 -.15‘ 
,010 -.162 
.02* -.174 
,040 -.1*9 
.Ob? -.207 
.107 -.237 
.143 -.2‘1 
,151 ~2.7 
,110 -,243 
.002 -.1‘2 
.035 -.133 
.045 -.121 
,049 -.ll, 
,050 -.106 
,047 -.lOl 
.044 
,042 

-.099 
-.094 

,039 -.093 
,036 -,092 
,041 -.091 
,055 -.115 

=- 
.37. ,251) 
,271 -.112 
.224 -.om 
.175 -.089 
.1-/l -.091 
.159 -.0*3 
.12‘ -.091 
,128 -.om 
.llB -.092 
.llO -.09* 
.107 -.103 
.097 -.10* 
.0*5 -.111 
,064 -.126 
,049 -.140 
,041 -.147 
.033 -.154 
.020 -.144 
.024 -.I92 
.050 -.211 
,042 -.20* 
,004 -.179 
.OlP -.170 
,021 -.1*9 
.029 -.1*0 
,044 -.144 
,061 -.12* 
,048 -.127 
.O‘l -.115 
.050 -.11* 
.050 -.119 
.05* -.113 
,064 -.1w 
.Ob‘ -.10* 
,067 -.107 
.070 -.105 
.071 -.107 
.O?‘ -.102 
,070 -.10* 
,040 -.112 

.195 .37P 

.2‘3 -.237 

.193 -.270 

.I‘9 -.244 
,138 -.203 
,140 -.193 
.123 -.189 
.llO -,17* 
,101 -.1-f, 
.O90 -.1*7 
.0*1 -.l‘b 
.071 -.1*7 
.055 -.172 
.036 -.177 
.023 -. 182 
.OO‘ -.193 
.006 -,205 
.037 -.224 
,080 -.252 
.11‘ -.274 
.122 -.2*0 
.072 -.257 
,044 -.1*2 
.075 -.154 
.o*. -.145 
.OB‘ -.136 
,085 -.12* 
,082 -.122 
,080 -.119 
,071 -.113 
.072 -.112 

,070 ,075 ::::; 
.033 -.105 

,357 ,204 
.32* -.1*4 
,275 -.lY 
.220 -.12‘ 
.221 -.125 
.200 -.115 
,168 -.121 
.167 -.117 
a158 -.119 
.152 -.123 
.l.P -.129 
.144 -.129 
.122 -.136 
.OPP -.14* 
.o*, -.1‘3 
.079 -.,?I 
.0‘8 -.1*0 
.053 -.1*7 
.oo* -.212 

..01* -.232 

..OOP -.229 
.040 -.205 
.O% -.195 
.054 -.194 
.O‘. -.1*4 
.079 -.l?l 
.097 -.151 
,082 -.150 
.09* -.137 
.0*5 -.13* 
.0*5 -.142 
.094 -.137 
.09* -.l,l 
.lOl -.130 
.105 -.129 
.lOb -.12* 
.108 -.130 
.113 -.127 
.lOb -.130 
.073 -.137 

.113 -.75i 

.311 -.294 

.23* -.335 

.219 -.32* 

.lPl -.317 

.1*9 -.291 
l 171 -.241 
.l‘O -.221 
.153 -.211 
.137 -.206 
.129 -.202 
.112 -.199 
.09, -.200 
.073 -.20‘ 
.O‘l -.209 
.043 -.21* 
.031 -.229 

,.003 -.249 
,.051 -.2-M 
..087 -.29‘ 
..OW -.302 
..033 -.2*1 
,088 -.211 
.118 -.1*2 
.12* -.170 
.12. -.1‘2 
.122 -.155 
.11* -.150 
,116 -.l.b 
.115 -.l.O 
,108 -.138 
.10* -.134 
.114 -.134 

,.004 -.102 

.3*7 ,102 

.382 -.302 

.330 -,Zaa 

.2‘9 -62.7 

.263 -.I*7 

.239 -,172 

.209 .205 1:::: 

.lP* -,163 

.191 -.1‘7 

.194 -.167 

.1*. -.169 

.156 -.173 

.131 -.,a5 

.11* -.lPb 

.113 ~205 

.lOO -.213 

.O% -a222 

.037 -.247 

.012 -.2‘. 

.027 -,Z‘l 

.077 -.241 
,091 -.236 
,067 -.233 
.097 -.221 
,112 -.212 
.132 -.lW 
.ll‘ -1193 
.133 -.180 
.11(1 -.1*0 
.122 -.l‘l 
.130 -.1*0 
.lW -.112 
.13* -.lbP 
.140 -.169 
.142 -,l‘? 
.14. -.170 
.14* -.144 
.140 -.169 
.101 -.17* 

ZG 
..l‘ 
.422 
.3CL 
.35* 
.337 
.304 
,296 
.29a 
.2.9. 
.271 
.27‘ 
.2.3 
.21‘ 
.208 
.201 
.lW 
,167 
.11‘ 
.OPZ 
.109 
.162 
.175 
.l‘P 
.lU 
.205 
.22‘ 
.213 
.234 
.223 
.232 
.245 
.253 
.257 
.259 
.2‘1 
.244 
.ZU 
.25J 
.20* - 

xii- 
.031 
.059 
.0*5 
,114 
.143 
,170 
.lPP 
.227 
.255 
.2*2 
.310 
.339 
.344 
.395 
.423 
.450 
.471 
.507 
.534 
,561 
.590 
.‘I? 
.‘4‘ 
.‘75 
.103 
.731 

:::: 
.81, 
. ..I 
.sCP 
.e97 
,911 
.923 
,936 
,951 
.964 
.979 
E I- 

.042 .212 .oru ,000 

.352 -.316 .434 .024 

.217 -.403 ,391 .051 

.2-/l -.415 .373 .079 

.23, -..Ol .340 .lO, 

.23‘ -.a97 r3.2 .ls‘ 

.213 -.3*7 .320 . 1.3 

.20‘ -.3U .302 .lPO 

.194 -.351 ,286 .ZlP 

.179 -.340 .272 ,246 
,171 -.340 .253 .t74 
.14‘ -.347 .230 .301 
.l29 -.3U l 210 .330 
.107 -.341 .194 ,337 
,096 -.326 .l(tl .3*1 
.07* -.317 .I65 ..I2 
.O‘, -.299 .143 .470 
.027 -a297 .lOO .49‘ 
.022 -.304 .0.9 ,525 
.057 -.,I9 ,021 .552 
.053 -1322 .035 .5,9 
.OlO -.304 .ll3 .bO. 
.131 -.245 .23‘ .‘35 
.159 -.208 .20 .“a 
.162 -.19* .2‘3 .‘Pl 
.l‘l -.1*4 .2‘3 .711 
.15* -,175 ,260 .747 
.15. -.1,3 .259 ,779 
,150 -.lll .2Y ..Ol 
.150 -.1U .257 .130 
.143 -.16a ,262 . ..I 
.1.4 -.144 .270 ,941 
.I44 -.142 .267 ,966 
.021 -.11a ,103 .991 

x/c 
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XIC 

7555 
*oz. 
,049 
,072 
,103 
.135 
.lb. 
,220 
.275 
,330 
.386 
,470 
,497 
,526 
,551 
,580 
,607 
.635 
,663 
,691 
.719 
,746 
.77. 
.*02 
,830 
,886 
,942 
,966 

.997 

!mBlE I.- mm c0m1cIENT* ON *ERRS-eAAcK YING - Concluded 

(a) Concluded 

ANCLS OF ATTACK, a 

,029 
,012 

-.016 
-.035 
-.030 
-.042 
-.055 
-.068 
-1086 
-.159 
-,lPO 
-.217 
-.220 
-.202 
-.15* 
-.115 
-.096 
-.077 
-.057 
-.0.5 
-.029 
-1022 
-.Oll 
-.007 
-.019 
-.01* 
* 

. 000 ,265 
,019 *075 

-r 
,048 -,oo, 
.O?b -.015 
.104 -.Oll 
,126 r.039 
,165 -,05* 
,215 -.083 
,275 -.089 
,331 -.097 
,385 -.133 
,468 -.174 
,497 -.195 
,525 -.221 
,553 -.236 
,580 -.239 
,609 -.209 
.b35 -.1*3 
.66. -.15. 
,716 -.135 
,777 -,I21 
.*29 -.096 
,885 -.062 
,942 -.066 

,602 -.253 
.‘62 -.211 
,717 -.170 
,771 -.15* 
,820 -.150 
,884 -.134 

.042 -.OOb 

.09* -.190 

.050 -.1*4 

.037 -.153 

.009 -.I57 

.020 -015. 
-.002 -.150 
-.020 -.I54 
-.03* -.153 
-.062 -.1‘6 
-,142 -.21* 
-,172 -.24* 
-rZOO -.270 
-.202 -.277 
-,,,8 -.257 
-.131 -.225 
-.090 -.1*7 
-.069 -.lb9 
-.050 -.153 
-.02* -.133 
-.Ol. -.122 
-.004 -.112 

.007 -.101 
,013 -.090 
,015 -.o*o 
,001 -.0*5 
,002 -.0*1 

-.063 -.o*. 

-.204 -.059 

-.253 -,123 

loss 
-.lb? 
-.245 
-.272 
-.266 
:.2** 
-a249 
-.239 
-.232 
-.2,3 
r.254 
-.2‘7 
-.283 
-.301 
-.309 
-.314 
-.290 
-.2*1 
-.235 
-.217 
-.205 
-.1*7 
~164 
-. lb6 

.o** 
-.264 
-.328 
-.32‘ 
-.326 
-.331 
-.335 
-.341 
-.379 
-.390 
-.375 
-.357 
'.336 
-.324 
-.30* 
-.2** 
-.27* 

,061 -.039 

,189 -.272 
,108 -.279 
,101 -.261 
. 0‘4 -.219 
,083 -.20b 
,055 -.Zll 
,026 -,I97 
,011 -,193 
,018 -.201 

,,108 -12.6 
,.I36 -.272 . 
,163 -.294 . 

,.164 -.299 
,.139 -.2*4 . 
,.OPO -.254 - 
,047 -.217 . 
,022 -,200 
,001 -,l*b 
,021 -,167 
.032 -.150 
,040 -.1*3 
,045 -.133 
,053 -.lZO 
,049 -.109 
.035 -.lll 
.035 -.107 
.039 -.o** - 

Zylb= 0.60 

2ylb = 0.80 

.241 -.32. 
,165 -,334 
.154 -.333 
.11* -.329 

,289 
.179 
,116 
,057 
,030 
,005 

-.022 
-.054 

I 
-.l‘Z 
-0207 
-,I‘2 
-.102 
-.O‘P 
-.059 
-,050 
-.034 
-.o.o 

-.383 
-.3** 
-.393 
-,423 
-1.34 
-,421 
-,40* 
-.395 
-.3*4 
-.370 
-.3b3 
-.359 

.005 -.110 

.2*5 -.373 
,227 -.382 
.20* -.38‘ 
.174 -.3*. 
,195 -.3*1 
.148 -.377 
.115 -*367 
.090 -.307 
,059 -.295 
.037 -.318 
.066 -.320 
.lOl -.340 
.102 -.341 
.074 -.32‘ 
,013 -.301 
.050 -.27‘ 
,070 -.2‘4 
,099 -.251 
,116 -.23‘ 
.llP -.222 
,121 -.212 
.I25 -.19* 
.130 -.1*5 
.122 -.1** 
.103 -.1*4 
.10* -.157 
,013 -.10* 

,031 -.131 

,323 -..40 
.283 -.,4‘ 
.261 -.450 
,216 -.452 
.243 -,447 
,187 -.445 
,157 -.447 
.129 -,426 
.099 -.381 
.002 -.394 
.035 -.402 
.070 -.407 
.Ob8 -.,O‘ 
.034 -.399 
,042 -.391 
,107 -.38‘ 
,131 -.382 
,148 -.375 
,160 -.372 
.1‘2 -.,‘4 
,162 -.350 
,164 -.a48 
,167 -.339 
.I58 -.322 
,138 -.309 
.135 -.29* 
.043 -.200 

,032 -.4‘4 ,084 -.3*2 
.073 -.47* -.035 -.374 
,121 -.474 -.0*7 -,371 
.O‘l -.4*9 -.01* -.3‘5 
,010 -.4*5 .064 -,362 
.042 -..bZ .105 -.359 
.052 -.a2 .127 -.355 
.0‘8 -.**o ,151 -,355 
,092 -.,57 .1*0 -.348 

. iii 

,397 
.388 
.359 
.313 
.340 

:::: 
.225 
,193 
,060 
,036 
,000 
1007 
,085 
,194 
,248 
.262 
,269 
,279 

:::: 
,278 
,285 
,269 
,254 
,252 
.12L 

TiG 
.407 
.39* 
.364 
.355 
4234 
,301 
.2*2 
.24a 
.217 
.1‘4 
.0*9 
.053 
,009 
.ooo 
,059 
.213 
,251 
.285 
,297 
,299 
a296 
,312 
G 

xii 
.3*0 
.372 
.ze* 
a 264 
.2.4 
,207 
,176 
.053 
,111 
,201 
,333 
.349 
,347 
.348 
,357 
.323 - 

=i 
I XIC 

,000 
.024 
IO.9 
.072 
,103 
,135 
,164 
.220 
,275 
,330 
,386 
,470 
,497 
,526 
r551 
.5*0 
,607 
,635 
,663 
,691 
,719 
174b 
,774 
,802 
1630 
,886 
,*42 
* 9“ 
,997 

l 000 

:% 
.Ol‘ 
,104 
crac 
,165 
,215 
,275 
.,31 
,385 
,468 
,497 
,525 
.553 
,580 
.‘09 
,635 
.“4 
,716 
,777 
*a29 
,185 
E 

000 
,043 
,103 
,160 
.21‘ 
.PCC 
.,25 
,381 
,494 
,549 
,602 
.“2 
,717 
,771 
.*2* 
,184 
,938 
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T 
1 

.374 

.Obl 

.Ok7 

.O,l 
,035 
.032 
.029 
.031 
,017 
.024 
,024 
.OOb 

,.O.?b 
,.0,3 
..030 
,.025 
,.024 
,.032 
,.047 
,.058 
,.ObO 
.059 
.061 
.066 

,.073 
,.078 
,089 
.089 

..086 
,.Obk 
,.082 
,.Obl 
,.Obk 
.079 
,.081 
,.079 
*7x 

:::: :2’,: 
,099 .002 
.093 . oo?. 
.095 .003 
.085 -.OOl 
.075 -.003 
,072 -.oo, 
,066 -.017 
,057 -.010 
.05b -,oo, 
.065 -.013 
.OSl -.OSl 
.021 -.077 
.0.?3 -,070 
,010 -.064 
,029 -.057 
.019 -.062 
.ooo -.077 

,.OlO -.086 
.021 -.092 
.021 -.089 
,019 -.091 
.0,?3 -.097 
.036 -.101 
,038 -.107 
,053 -.115 
,054 -.llk 
.ObO -.109 
.05, -.lOb 
.053 -.105 
.05, -.105 
,050 -.I09 
.050 -.105 
.05* -.106 
,0,7 -.I05 
.045 -.10S 

1 x/c 

L 
.39, ,113 .401 -a015 zii 
.307 -,1‘3 .35, -.257 .,50 
.242 -.I50 .I95 -rZ,b .392 
.224 -.092 .2ba -.144 .3bJ 
.215 -.07b .ZbO -.127 .355 
.205 -.079 .247 -*127 .3kb 
.192 -.013 .233 -.I27 .331 
.18(1 -.ObO .227 -.12, ,337 
.lbO -,0.7 ,219 -.129 .313 
.lb3 -.091 .215 -.154 .31. 
.lb1 -.071 .a. -.115 ,319 
,178 -.07, .237 -.113 .325 
.I49 -.105 .19I -.134 .29b 
.128 -. 14‘ .lb9 -.lb5 .2C7 
.I38 -.1,6 .I,5 -.193 .2b3 
.133 -.,,o .lb7 -.170 .25, 
.I42 -.I32 ,175 -.166 .2b7 
,131 -.I32 .165 -.1‘7 .Zb5 
.107 -.lkl .1*1 -.175 l 243 
.091 -.149 ,126 -.I81 .23‘ 
,085 -.155 .120 -.I64 ,237 
,068 -.145 .I24 -.115 .241 
.087 -.155 .124 -.I87 .2,0 
.079 -.I59 .113 -.190 .229 
.0&s -.163 .I93 -.I91 .219 
,061 -.16b .095 -.195 ,212 
.045 -.173 .079 -.207 .I95 
.040 -.I72 .072 -.209 .lW 
,038 -.1‘7 .071 -.200 .195 
.038 -,1‘2 .072 -.194 .I97 
.043 -.I‘1 .077 -.I87 ,202 
.047 -.lb3 ,061 -.199 ,205 
.047 -.1&a .011 -.19b .202 
.051 -.lbk .Ob, -.194 .205 
.051 -. 1re .Obb '.I99 .209 
.054 -.l‘b .OQ7 -.200 .I13 
.055 -.I67 .Obb -.,PP .21.9 

SE- 
.072 
,092 
.122 
.147 
.172 
.1*7 
.24L 
.27+ 
.a00 
.32, 
.349 

2;: 
.kPk 
.449 
,473 
.,92 
.523 
.549 
.574 
.59. 
.u3 
.&a, 
.‘74 
,724 
.7,9 
.772 
.791 
.u* 
.wb 
.a74 
.89b 
,923 
.950 
.97, 

.075 * -;zu- m Toa- 

.3U -.3b4 .,57 .023 

.314 -.3Sb ,420 .OU 

.292 -.3&5 .3*9 .072 

.275 -.366 .379 .O99 

.257 -.362 .359 .123 

.2kb '.355 ,349 .lU 

.244 -.3.5 ,335 .1-n 
1221 -.335 .326 .19E 
.221 -.323 .319 .222 
.214 -.317 .3u .ZU 
.z?o -.307 .307 ,273 
.215 -.295 .29B .PPI 
,199 --.280 .2b7 .323 
.lbl -.256 .251 .3U 
.l‘O -.234 .25b .372 
.153 -.17. .257 .*24 
.150 -.I‘9 .ZU .449 
.l34 -.1ab .ZY .475 
.12‘ -.202 .2,9 ,500 
.112 -.213 .230 .523 
.I07 -.217 .230 .54. 
.106 -.2u .231 .573 
.109 -.21‘ .255 .S9b 
.099 -.22r l 2U .Uk 
.09, -.220 .210 .W 
.091 -.21. .110 .‘7, 
.085 -.221 .20b .699 
.078 -.225 .I99 .723 
.073 -.227 ,197 .7*9 
.072 -.226 .1*9 .79r 
.071 -.220 ,190 .bU 
.074 -1209 ,193 ..99 
.079 -.ZOb .199 ,946 

.,Ol .21b 

.247 -.105 

.189 -.077 

.110 -.Okk 

.174 -,ou 

.163 -,o,o 
,153 -.045 
.1.9 -.0,2 
.139 -.052 

:::: -.049 -.034 
.140 -.o*, 
.131 -.0,7 
.102 -.113 
.lOl -.lOb 
.090 -.102 
.lOl -.094 
,092 -.099 
,069 -.105 
,056 -.I16 
.0,9 -.120 
,052 -.119 
,052 -.123 
.0,3 -.12X 
.031 -.131 
.025 -.134 
,010 -.1,1 
,005 -.1*1 
.005 -.13, 
,005 -.I31 
.OlO -.129 
,012 -.133 
.013 -.135 
.Ol‘ -.132 
,017 -.13b 
,019 -.135 
,020 -.134 .- 

2ylb = 0.2s 

.087 .323 .063 .291 

.2‘9 -..?3, .322 -.299 
,225 -.*oo .275 -.276 
,195 -.i?oo .2W -.286 
.lbO -.215 .230 -.304 
.1‘1 -.223 .*1, -.291 
,155 -.150 .ZOl -.238 
.145 -.097 .1*5 -.lba 
,142 -.091 .I.9 -.I‘5 
,133 -.093 .I79 -.152 
.120 '.lO‘ .I72 -. 152 
,123 -.099 .I74 -.1,3 
.I23 -.09, .I‘9 -.132 
.117 -.092 .,,a -.13, 
,101 -.099 .127 -.13, 
.Ob‘ -.,ocs .120 -.1,1 
,070 -.137 .I14 -.1‘9 
.072 -.1,8 .112 -. 112 
.059 -.152 .lOO -.I91 
,050 -.150 .090 -.191 
.039 -.l,b .079 -.I89 
,033 -.151 .071 -.1*9 
.032 -.150 .071 -.lbb 
.03, -.153 .0-n -.l,b 
.024 -.157 ,062 -.I93 
.021 -.157 ,059 -.194 
.024 -.I56 .059 -.193 
0016 -.I57 .051 -.19s 
.OlO -.160 .045 -.196 
,004 -.159 .o,o -.I95 
.003 '.I‘1 .038 -,19s 
,000 -.1S& .03b -.191 
.003 -.1a .038 -.I112 
,005 -.147 .0,5 -.I92 

2y1b = 0.10 

,401 
.109 
.092 
.Ob4 
.083 
.071 
.071 
.065 
.ObO 
.O,b 
.0*3 
.022 
.013 
.025 
.029 
.015 
,017 
.008 

'.007 
..019 
..024 

::i:: 
'.030 
,.039 
'.046 
..055 
'.060 
'.057 
..05* 
..051 
..054 
'.05L 
,.050 
,.05, 
..0,7 
..045 

.ila .350 

.09‘ ,005 

.069 -.003 

.059 -, 005 

.057 .OOl 
,041 -.oo, 
.045 -.005 
.041 -.006 
,036 -.010 
.033 -.012 
.OZ9 -.013 
.022 -.017 
.017 -.019 
,007 -.024 

e.003 -.037 
..012 -.051 
..Ol, -.,a7 
..013 -.otd 
..02, -.072 
..031 -.075 
,.OkO -.obl 
..Okk -.086 
..0,7 -.Obb 
..051 -.092 
..05, -*O96 
,.058 -.097 
w058 -.096 
,.060 -.101 
,.Obb -.I03 
..067 -.105 
'.07l -.101 
,.071 -.lOb 
,.065 -.099 
,.0&l -109, 

.390 l Zbb 

.I95 -.058 
,145 -.039 
.137 -.027 
.I31 -.023 
.l.?l -.0.?7 
.I13 -.030 
.I09 -.030 
.099 -.039 
.095 -.035 
,093 -.024 
.095 -.031 
.090 -.Ob9 
.065 -.lOl 
,058 -.092 
.0,9 -.Obb 
.065 -.079 
.055 -.083 
.035 -.096 
.0*2 -.lOL 
.013 -ill1 

.017 .016 1:::; 

.009 -.117 

.OOl -.121 

.007 -.I25 
l 022 -.132 

.026 -.132 

.025 -.127 

.026 -.12s 
,.023 -,12* 
.0*2 -.I25 
,020 -.I27 
,016 -.124 
.016 -.I27 
.014 -.127 
.012 -.I25 

_ .- 
.749 
,772 
.,98 
.o** 
.048 
.874 
,898 
.923 
.950 
.97, 

.350 
-.I02 
-.OB, 
-.070 
-.05b 
-.053 
-.051 
-.051 
-.053 
-.053 
-.056 
-.05, 

.2‘.? 

.143 

,091 
,080 
.050 
,063 
.052 
.052 
,049 
.036 
.037 
.03b 
.033 
.025 
,010 
.OlO 
.003 
.OlS 

:::: 

:I:; 
.039 
.067 
.051 
.050 
.051 
,058 
.059 
,065 

:::: 
,057 

-.059 
-.06b 
-.0,9 
-.106 
-.107 
-.107 
-.I09 
-.I13 
-.117 
-.ll‘ 
-.117 
-.123 
-.1*4 
-. 122 
-.I26 
-.I29 
-. 131 
-.I33 
-.131 
-.12, 
-.120 
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Q/b= 0.40 

,000 ,259 
,069 ,014 
,120 -.OlO 
,169 -.021 
,219 -*038 
,270 -.o*e 
,321 -.058 
1373 -.058 
,421 -.072 
,469 -.086 
,520 -.099 
,575 -.113 
lb22 -.123 
,673 -.I29 
,724 -.134 

.305 
-.042 
-.o** 
-.037 
-.037 
-.035 
-.03b 
-.037 
-.o*o 
-.okb 
-*050 
-.067 
-.080 
-.092 
-.099 
-.103 
-.107 
-.108 
-.llO 
-.115 
-.115 
-.I20 
-.125 
-.126 
-.125 
-.124 
-.122 
-.119 
-.117 
-.lOl 

.293 ,266 

.130 -.lbk 
,101 -,155 
.082 -.131 
.069 -.124 
,061 -.loB 
.058 -.103 
,040 -.093 
,031 -.091 
,021 -.089 
,013 -.087 

,.OlZ -.090 
.a020 -.llO 
,*035 -.122 
,.031 -.132 
,.Okl -.l,O 
,.047 -.147 
,.OkB -.148 
,056 -.1*9 
'.065 -.147 
,063 -.143 
,069 -.147 
.078 -.154 
,080 -.155 
,079 -.157 
.076 -.157 
.079 -.156 
.072 -.153 
,074 -.149 
,073 -.146 

2Vb= 0.60 

,257 
,176 
,130 
,106 
,080 
,064 
,043 
,034 
,012 
,003 
,023 
,037 
,046 
,055 
.070 
,072 
,071 
.074 

Zy/b= 0 .80 

,231 
.236 
,189 
.164 

r 

.139 

.118 

.lOO 
,088 
.Obb ,046 
.031 
,017 
.003 

I 
-.006 
-.018 
-.024 
-.022 
-.022 

--- 
,008 ,014 
,309 -.372 
,205 -.345 
.262 -.342 
.237 -.363 
.222 -.373 
.211 -.367 
.193 -.345 
.1.53 -.316 
.lSk -.246 
,133 -.185 
.11* -.168 
l 106 -.178 
.091 -.187 
,091 -.192 
.081 -.202 
.078 -.209 
.072 -a217 
,058 -.219 
.054 -.223 
,059 -.219 
.052 -.219 
,042 -.227 
1037 -.225 
.036 -.22* 
.035 -,.?20 
,030 -.235 
,033 -.226 
,030 -.223 
,028 -.215 

080 -A‘ 
.339 -.423 
,315 -.419 
.282 -.403 
.257 -.399 

!f2 
=*? ? 

% A.4 3 
,193 -.405 
0169 -.kOl 
,153 -.*oo 
,140 -.396 
,116 -.395 
,105 -.396 
,094 -.394 
,089 -.391 
,082 -.392 
,072 -.389 
1059 -.387 
,053 -.3*4 
.o49 -,379 
,038 -.368 
,029 -.350 
,030 -.3a 
,025 -.294 
,032 -.262 

.I98 -.436 
,285 -.436 
,240 -.*33 
.218 -.*30 
.189 -,*23 
.172 -.427 
.150 -.427 
,135 -.423 
.llk -.422 
,096 -.422 
.079 -.422 
,066 -.*22 
,052 -.419 
,041 -.420 
.029 -.421 
.024 -.420 
.024 -.422 
.02* -.420 

t .089 
.350 

':;a;'- 
- 

,333 -.396 

.306 .279 - :::i - 
,266 -.416 
.259 -.,lb 
.2,4 -.409 
,224 -.390 
.194 -.365 
,182 -.337 
.lbl -,297 
,149 -.296 
,131 -.290 
,129 -.285 
,118 -.285 
,113 -.284 
,106 -.274 
,098 -.267 
,089 -,2u 
,097 -.252 
,093 -.252 
,079 -.257 
,076 -.253 
,074 -.255 

,075 ,070 - :::: - 
,068 -.250 

:% - -.a*(1 .249 - 

.003' -;3*6 .ou 
I 368 1 .435 .428 
,355 .433 ,438 
,323 .431 ,430 
,302 -.429 6415 
$a? -.*?a 
r2‘5 ‘-6429 

.40) 
i3r9 

1240 -.a9 ,370 
,223 -.a9 .353 
,202 -.431 .329 
,189 -.430 .313 
,163 -**20 .287 
,152 -.428 .280 
,141 -.428 .272 
I 136 -.427 ,273 
,128 -.427 ,261 
,120 -.427 ,250 
,103 -.427 .233 
,097 -.428 .230 
,093 -.426 .228 
1077 -.425 ,217 
,071 -.422 .203 
,071 -.Ul .205 
lObE -.418 .197 
1074. .-,414 .195 
4 

.’ 

- 
,167 -.440 
.328 -.436 
.288 -.43‘ 
,268 -.437 
,239 -.437 
.221 -.437 
,198 -.436 
,185 -*43. 
,163 -.436 
.1,7 -.436 
.129 -.*35 
,113 -.435 
,099 -.434 
,087 -.434 
.078 -.43* 
,071 -.434 
,072 -.430 
,072 -.42b 

‘:Y 
.417 
.*0* 
,375 
.37c 
.3ba 
.342 
.318 
.315 
.30e 
,287 
.27C 
,251 
,247 
.2*2 
,234 
.237 
.225 
.221 
.225 
.222 
,208 
.202 

.197 

.188 

::2 -~ 

.lii 
,420 
,401 
,387 
,364 
,347 
.330 
.318 
,297 
,281 
.261 
,247 
,238 
,224 
,215 
,207 
,204 
,201 

7 
: 
1 
4 

x/c 

- 
,000 
,026 
,048 
,075 
,100 
.125 
,145 
.199 
,248 
,238 
,350 
r401 
.U‘ 
a450 
l 475 
,500 
,526 
,550 
,575 
,600 
,629 
,650 
.b74 
.‘99 
,724 
,750 
,799 
,850 
a 899 
,950 

*boo 
,023 
,046 
8076 
,100 
*Ma- 
i149 
,200 
,249 
.299 
.348 
,400 
,424 
.,a 
,473 
,498 
,525 
,553 
,575 
,600 
.650 
,703 
,751 
.79a 
.851 - 

IO00 
,069 
a120 
,169 
a219 
1270 
,321 
.,73 
a421 
*4b9 
a520 
,574 
,622 
,673 
a724 
,774 
.I24 
,872 - 



25 

XIC 

.OW 

.024 

.072 

.09S 

.122 

.147 

.172 

.I97 

.246 

.274 

.300 

.32* 

.349 

.373 

.399 
,424 
,449 
.473 
.49S 
.523 
.549 
.574 
.591 
.b23 
.‘49 
.674 
.724 
.749 
.772 
.791 
.W.k 
,848 
.874 
,998 
.923 
.950 

fi 

.OW 
,023 
.048 
,072 
.099 
.123 
.lka 
.173 
.199 
.222 
.248 
.273 
.29B 
.323 
.348 
.372 
.42* 
.4+9 
.575 
.500 
.523 
,549 
.573 
.598 
.624 
.648 
.674 
.699 
.723 
.749 
.790 
,041 
.899 
.948 

ANGLE OF ATTACK. a 
I - I 

.394 

.122 

.094 

.074 

.078 

.07S 

.0‘S 

.062 

.057 

.05.5 

.03s 
.013 

,.007 
.009 
.012 
.005 
.008 
.Wl 

,.Olb 
,.030 
,.031 
,.o** 
,.030 
,.039 
..Okk 
,.052 
'.0‘3 
,.060 
‘.063 
,.Obl 
,.Obl 
,.059 
'oO63 
*.ObO 
,.061 
,a058 
. O-55 

.317 

.09‘ 

.073 
,059 
.047 
.031 
.035 
.o*o 
,035 
.031 
,024 
.021 
.OlO 

,,M3 
,.Olb 
,.029 
.021 
,.025 
.035 

,.Okk 
,.o*s 
,.059 
,.053 
,.Obl 
,.05(1 
,.062 
,.068 
‘.0‘7 
,.071 
,.07b 
,.011 
.07. 
,.075 
,.07‘ 

.354 

.Olk 
,010 
.003 
.002 

-.OOB 
-.003 

.003 
-.003 
-.007 
-.OOb 
-.010 
-.OlO 
-.020 
-.03b 

1:::; 
-.ObO 
-.0‘5 
-.071 
-,0‘7 
-.082 
-.080 
-.090 
-.085 
-.093 
-a091 
-.093 
-.099 
-.101 
-.102 
-.lOO 
-.094 
-.095 

.05* 

.03* 

.035 

.042 

.034 

.03b 

.023 

.03‘ 

.02‘ 

.OlO 
~025 
'.O,k 
,.031 
,.028 
,.023 
,.028 
,.045 
,.056 
,.05b 
,.053 
,.0511 
,,Obb 
,.Ob9 
,.076 
,.o.S5 
,.OIk 
,.0(10 
,.080 

::::: 
,.003 
,.077 
.078 
,077 
.074 

.398 

.lM 

.121 

.lOl 

:::: 
.085 
,076 
.082 
,072 
,072 
,074 
,054 
,037 
,034 
.030 
,037 
,031 
,013 
.002 
.OOS 

::i% 
.015 
,021 
,028 
,038 
.043 
.042 
,040 
.038 
.03b 
,040 
,037 
.037 
.033 
,032 

:XZ 
,012 

-.001 
.OOB 
,013 
.OOb 
.002 

-.009 
-.002 

.003 
-.OlO 
-.050 
-.074 
-.067 
-.Obl 
-.052 
-.059 
-.071 
-.082 
-. 08‘ 
-,082 
-.017 
-.093 
-.OPb 
-.102 
-,lOb 
-.lOb 
-.I02 
..099 
-.09‘ 
-.OPI 
-.102 
-.lOO 
-.101 
-.lOO 
-.lOO 

,273 ,352 
,157 -.092 
,126 -.072 
,102 -.0‘3 
,015 -.049 
,067 -.051 
.070 -.Okb 
.0‘9 -.037 
,067 -.Okl 
,064 -.Okb 
,054 
,053 

4; 

. 048 
,040 
.OZI 
,.12 
.OOb 
.005 
,003 

2:: 
.023 
.028 
.032 
,029 

:::: 
.0*2 
.Okb 
.051 
.05‘ 
,056 
.050 
.049 

l-.048 
-.051 
-.Obl 
-.073 

,-.09.¶ 
-.102 

lP.100 
;-.lOZ 
m-.105 
-.109 
-.112 
-.115 
-.115 
-*120 
-.121 
-.121 
-.122 
-.12* 

2ylb - 0.10 

.*03 ,261 

.233 -.052 

.lb# -.034 

.lkk -.029 
,141 -.021 
.141 -.Olb 
.134 -.022 
,115 -.030 
.125 -.039 
.117 -.030 
.llO -.022 
,122 -.030 
,104 -.0‘9 
.08b -.lOO 
,076 -.094 
.069 -.017 
.077 r.077 
,069 -.082 
.oso -.094 
,036 -.&Ok 
.031 -.109 
.039 -.lOS 
.033 -.llO 
,023 -.118 
.Olb -.117 
.oo, -.122 
,007 -.131 
.OlO -1130 
,009 -.lZS 
.008 -.120 
,004 -.119 
.003 -.120 
.OO, -.lZb 
,001 -,122 
.OOl -.12‘ 
.003 -.122 
.003 -.121 

.lbl -.05* 

.lL5 -.ob3 
,155 -.055 
,153 -.039 

2ylb. 0.25 

.192 .332 

.237 -.lOk 

.195 -.143 

.lbO -.138 

.142 -.I31 

.126 -.117 

.123 -.09* 

.122 -.0‘S 
,119 -.0‘9 
.I12 -.07‘ 
.09b -.085 
.097 -.092 
.099 -.072 
.OM -.076 
,073 -.0*3 
.Obl -.095 
.051 -.120 
,045 -.134 
,033 -.133 
.030 -.129 
.023 -.12* 
,016 -.135 
.Oll -.13, 
.OlO -.138 
.005 -.139 
.003 -.lU 
.ooo -.143 
.003 -.14. 
.009 -.144 
.012 -.I51 
.018 -.147 
.021 -.147 
.015 -.137 
.014 -.13‘ 

.~ 
,095 ,312 

:::: -.250 -.215 
,207 -.225 
. 1.8 -.23* 
.17‘ -.zso 
.lU -.200 
.170 -.079 
,165 -.ow 
,155 -.102 
.137 -.112 
,141 -.110 
.lU -.103 
,125 -.102 
,111 -.105 
,095 -.120 
.088 -.14l 
.OIZ -.1b2 
,071 -.170 
.0‘3 -.1bb 
*05S -.1‘4 
.049 -.1‘3 
,047 -.lb5 
.047 -.1" 
.Okb -.lM 
.031 -.174 
,034 -.17* 
.OZb -.171 
,025 -.173 
.012 -.17s 
.013 -.lfb 
a013 -.172 
,018 -.1‘5 
,019 -.,bk 

A03 ,125 .UO -.0,7 
.334 -.152 .3‘7 -.2/O 
.253 -.1*3 .304 -.a50 
.2% -,OSP .29d -.173 
.22b -.074 .27b ~147 
.229 -.070 .277 -.140 
.209 -.071 .2bO ~140 
.197 -.OIZ .2*3 -.1* 
.192 -.091 .240 -.137 
.197 -.099 .241 -.lU 
.202 -.Obk .1JO -.1n 
.204 -.071 ,2,0 -.123 
.lM -.lOb .21a -a149 
.142 -.140 .1.9 -.1‘1 
.153 -.150 ,192 -1211 
.141 -.135 .l% -.1,7 
.149 -.I20 .I93 -.174 
,139 -.129 .102 -.1,0 
.llb -.l,, .lbl -.1.7 
.103 -.14. .144 -.194 
.099 -.154 .l,‘ -1201 
.106 -,149 .14‘ -.195 
.lOO -.152 .l,O -.201 
.OB8 -.150 .12* -0205 
.092 -.lbO ,121 -.204 
,073 -.lbk .lll -1209 
.057 -.170 .097 -.Plb 
.049 -.lba ,099 -.221 
.052 -.1‘3 .OPZ -.209 
.055 -.lbO ,093 -.ZOb 
.056 -.155 .095 -1200 
.Obl -.lbO ,100 -.201 
.057 -.,bb .095 -.209 
.0‘3 -.I‘2 ,102 ~207 
.0‘3 -.lCL .103 -.20a 
.obb -.1‘7 ,106 -.214 
.0‘9 -.lU .108 -.211 

.013 .219 

.339 -.299 
,293 -.271 
.255 -.**5 
.23‘ -.303 
.222 -.309 
.214 -.28‘ 
.217 -.193 
.205 -.131 
.201 -.124 
.1*9 -.135 
.lW -.133 
.199 -.12‘ 
.157 -.I25 
.137 -.12‘ 
.133 -.x39 
.133 -.lb7 
.I24 -.l.l 
.114 -.190 
.104 -.197 
.“9‘ -.191 
.019 -.l.. 
.090 -.lM 
.008 -.191 
.014 -.192 
.077 -.19. 
.072 -.194 
.Ob9 -.197 
,061 -.19. 
.057 -.197 
.052 -.197 
.051 -.191 
.055 -.1,1 
.059 -.l.k 

I 

.055 ,228 .I96 

.381 -.365 ,464 

.339 -.342 .*29 

.301 -.371 .393 

.21)3 -.390 .379 

.271 -.300 ,371 

.2b2 -.373 ,359 

.2‘9 -.353 .352 

.24I -a340 ,339 

.245 -a332 ,340 

.233 -.U3 .32‘ 

.239 -.310 .322 

.I31 -.300 .309 

.201 -62.9 .a2 

.111 -.2n .ZU 

.172 -.257 .2U 

.I72 -.Zlb .2b9 

.1‘4 -.19b .27l 

.153 -doa ,260 

. 141 -.21* .291 

.135 -.217 ,246 

.lZb -.22b .241 

.12. -.227 .2U 

.l24 -.233 .242 

.122 -1226. ,232 

.11b -.23. .23l 

.107 -.23, ,220 

.104 -.229 .220 
,095 -,23, .217 
.094 -.239 .211 
.0.7 ~239 .201 
.O% -.234 .203 
.091 -.220 .207 
,095 -.21, .I22 

- 

c 

.lU 
l .74 
.5- 
.a72 
.3bO 
.a72 
.%a 
.3% 
.I29 
.325 
.3ab 
.f)l 
.2.9 

:::: 
,263 
.I76 
.274 
,252 
,244 
,250 
.23S 
,252 
,237 
.P31 
.222 
.211 
,202 
.204 
.207 
,211 
.215 
.201 
.21* 
,214 
.220 
.223 

XIC 

.ou 

.024 

.072 

.091 

.I22 

.lU 

.A22 

.1*7 
i2u 
.224 
.a00 
.324 
.349 
l 37S 
,399 
,424 
.449 
,473 
.4M 
.523 
,549 
.574 
.soa 
.‘23 
,649 
.b74 
,724 
,749 
,772 
,798 
..24 
.au 
.I74 
.8w 
.92, 
.950 
* 

.OW 

.023 
,040 
.072 
,099 
.I23 
.lU 
.17a 
,199 

:::: 
.273 
,298 
.323 
.349 
.372 
.424 
.449 
.475 
.5W 
.US 
a549 
.57l 
.59# 
.bZk 
.bU 
a674 
.bW 

2; 
.79# 
.ou 
.DW 
,940 



26 

ANCLE OF ATTACK, a 

0 2 4 I 6 8 I 10 14 

U L u L ” L ” L ” L ” L v L 
x/c 

- - 
.19* .ooo 
.kkb 0026 
.*3* .Oka 
.41* ,075 
.3*3 ,100 
,382 ,125 
.376 ,145 
.3bl ,199 
,339 0248 
,327 ,298 
.320 ,350 
,306 ,401 
,285 ,426 
,275 ,450 
,261 1.75 
I 262 ,500 
,256 ,526 
,251 ,550 
,246 1575 
,237 ,600 
,242 ,629 
,230 ,650 
,222 ,674 
,223 ,699 
,220 ,724 
,213 ,750 
1209 ,799 
,201 I.950 
,194 ,899 
,204 ,950 

Ii?/% 
.438 
.453 
.444 
.425 
.*05 
,395 
,378 
.366 
.352 
.330 
.306 
l 296 
.291 
,284 
.273 
,268 
.2*6 
.245 
.246 
,236 
.21* 
.223 
.216 
,210 

-- 
,000 
,023 
.Okb 
.07‘ 
,100 
.&a2 
,149 
,200 
.249 
,299 
,348 
,400 
,424 
.**a 
,473 
,498 
r525 
1553 
,575 
,600 
,650 
,703 
,751 
,798 
1851 

xc? 
,436 
,423 
l 400 

,384 
,356 
,334 
,316 
,300 
.289 
.277 
,266 
.2‘0 
,247 
,240 
.216 
,224 
,222 

0000 
,069 
,120 
,169 
,219 
,270 
,321 
,373 
.421 
.4‘9 
,520 
,574 
,622 
,673 
,724 
.774 
,024 
,172 

-zz 
,026 
,048 
.075 
,100 
,125 
.1*5 
.199 
.24* 
.29* 
,350 
.kOl 
,426 
,450 
,475 
.500 
.526 
,550 
,575 
.bOO 
,629 
,650 
,674 
,699 
,724 
,750 
,799 
,850 
,899 

m 

,000 
,023 
,046 
,076 
,100 
,122 
,149 
.200 
,249 
.299 
.3** 
,400 
,424 
.**a 
,473 
,498 
,525 
.553 
,575 
.bOO 
.b50 
,703 
,751 
,798 
m 

Wb = 0.40 
- 
,313 T 

,066 
.044 
.045 
,027 
.033 
.023 
.013 
,005 
,007 
,019 
,030 
.Okl 
.050 
,058 
,060 
,062 
.075 
,072 
,004 
,082 
,084 
,097 
,097 
,094 
,004 
.0*5 
,007 
,004 
&Q- 

-, 
-8 

-< -/ -, 

:,':: 
.051 
.03? 
.03C 
8023 
.bll 

-.003 
-.Oll 
-.026 
'.036 
-.0*4 
-.056 
-.069 
'.076 
-,079 
-0087 
-.105 
-,102 
-.100 
-.109 
eel16 
m.114 
'.lZl 
s 

.3il 

.133 I ,105 
,098 
.076 

-r- .306 
.0*3 
.o** -- I--. .02* 
.o*o 
,026 
.030 

,227 .19* 
,219 -.246 
,187 -.*31 
.171 -.217 
,139 -.223 
.I29 -.201 
.I23 -,197 
.10* -,14* 
,100 -.lll 
,092 -,10* 
,076 -.llO 
.ObO -.10* 
.Okl -.126 
.033 -.136 
,022 -.151 
,017 -.15* 
,012 -.I66 
.009 -.177 
.003 -.17* 
.oo* -.1*1 
,004 '-.1‘9 
.008 -,I72 
,019 -.I77 
,018 -.178 
,018 -.177 
.023 -.171 
,025 -.lb9 
.02* -.lbb 
,024 -.163 
,028 -.15* 

.OOl ,009 
,334 -.371 
.30b -r3,* 
,284 -.342 
.247 -.365 
,234 -.373 
.227 -.36* 
.220 -.352 
,202 -.315 
.174 -.24* 
.159 -.186 
.,.a -.169 
.1*9 -.lciO 
,117 -.I86 
.lOb -.192 
.09* -.201 
.095 -.207 
.0*7 -.215 
,078 -.220 
,069 -.230 
.072 -.222 
.Ob7 -,*20 
,058 -.230 
.057 -.229 
.057 -.230 
,047 -.225 
.044 -.231 
. Ok, -.221 
,041 -.216 
,039 -.211 

.Obb 

.Obl 
,049 
,045 
,039 
.023 
,014 

-.OOb 
-.016 
-,019 
-.029 
-.031 
-.036 
-.042 
-.053 
-,049 
-.053 
-.063 
-.065 
-.Ob3 
-.ObO 
-.063 
-.062 

.036 

.042 

.030 
,041 
.057 
.074 
.0*9 
.096 
.105 
.103 
,103 

i 

,102 
.llO 
.I09 
,111 
.I23 
,124 
.122 
,120 
.11* 
.117 

-.115 
,109 

-.lkk 
-.lkk 
-.142 
-.147 
-.lkl 

,106 
t 

.2*0 
,115 -.271 

-.145 
-.152 
-.I55 
-.I55 
-.150 
-1147 
-,144 I -.142 

.-.137 I-:::: 

2y1b’ 0.60 

.275 

.046 

.0*2 
,079 
.071 

..'J6 
.Qb 3 
,071 
.o*o 

-.0*1 
.0*7 

-.0*7 

i 

.0*9 
-.lOZ 
-,102 
-,107 
-.117 
-.135 
-.,*t 
-.I42 
-.159 
-.lbZ 
-.155 
-.155 
-.147 

,243 -.430 
.232 -.429 
.221 -.429 
,197 -.431 
.174 -.431 
,161 -.430 
.14* -.431 
.149 -.427 
,141 -.431 
.131 -.431 
,106 -.433 
.lOb -.430 
,102 -.431 

,002 -.426 

l- 
,076 -.*,a 
.OBZ -.413 

zY/b = O..so 

,178 l-.440 ,051 -.345 
,027 -.343 
.003 -,343 

-.007 -,3*4 
-.Olb -.348 
-.023 -.3** 
-,033 -.339 
-,o*o -.3*2 
-.Okb -.339 

,156 -.4*0 
.1*4 -.439 

-.2*1Z 

-.2116 
-.286 
-.2*3 

i 

-.2*5 
-.279 
-.278 
-.260 

-.13* 
-.1*3 

.77* -.1*5 -I-- ,024 -.1,1 

.a72 -.14, 
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x/c 

- 
.OOO 
.024 
.072 
.09* 
.122 
.147 
.172 
.197 
.256 
,274 
.%a 
,324 
.349 
.373 
.399 
.424 
.4*9 
.*73 
.*9* 
.523 
.549 
.574 
.59* 
.623 
.‘49 
.674 
.72* 
.7*9 
.772 
.79* 
.824 
.*kd 
.874 
.898 
.923 
.950 
.974 

. 000 

.023 

.04* 

.072 

.099 

.1.?3 

.14* 

.173 

.199 

.2*2 

.ZkJ 
,273 
.290 
.323 
.3" 
.372 
.424 
.U9 
.475 
.5w 
.523 
,549 
.573 
.59* 
,624 
,648 
.‘74 
. ‘99 
.723 
.749 
.7w 
.14* 
,899 
.9ka 

4 
x/c 

.000 

.024 

.072 

.09a 

.u2 

.147 

.lZZ 

.197 
l 24b 
.274 
.300 
.324 
.349 
.373 
.399 
,424 
A.9 
.4l3 
.49. 
.523 
,549 
.57* 
.59. 
.‘23 
.W 
,674 
.724 
.749 
.m 
.79* 
.uk 
.ou 
..7, 
."O 
.92a 
.950 

* 

-7-t- 
ANCLE OF ATTACK, 0 

I -I 

L - 

- 
,416 
.W 
.3,7 
.I&7 
.fY 
.359 
.31. 
,322 
,295 
.30* 
.312 
,316 
.Zbs 
,253 
,255 
,237 
,251 
,245 
,220 
,206 
.lW 
,206 
,203 
.1- 
0179 
.ln 
ml& 
.lW 
. lb3 
,169 
,174 
,177 
,179 
.lW 
.lU 
,lU 
ml.9 

Wb . 0.10 

.klb 

.095 

.Oe.l 

.069 

.0‘7 

.056 

.051 

.0*7 

.Okb 

.040 

.017 
,007 
.011 
,004 
.OOk 
.OOb 
.OOl 
.013 
.02* 
.040 
.0*4 
.040 
.041 
.053 
.05* 
.Obb 
.07* 
,003 
,070 
.079 
.077 
.07‘ 
.079 
.071 
.073 
.07* 
.069 

.377 

.052 

.0*3 
,037 
,035 

:::: 
,022 
.009 
.014 
,017 
.005 
.030 
.052 
i 046 
.041 
.030 
.039 
,053 
.064 
.068 
.065 
.Obk 
.075 
.081 
.089 
.09* 
.103 
.09* 
.097 
.093 
.093 
.097 
.090 
.092 
.092 
.091 

.ki3 .329 

.lU -.Oll 

.lOB ,003 

.094 ,000 
,097 ,000 
,006 -.007 
,072 -.OlO 
.071 -.01* 
.0‘9 
,057 

-;:: 

.05* -.011 
,066 -.Olb 
.049 -.05b 
.024 -.01* 
,01* -.o*o 
,012 -.07* 
.026 -.062 
,018 -a069 
,001 -.o** 
,011 -.092 
,019 -.09* 
,014 -.094 
,016 -.092 
,020 -1102 
.03‘ -.107 
,043 -.115 
.054 -.126 
.ObO -.129 
.056 -.124 
,059 -.121 

:::: -.,,a -.117 
,056 -.121 
,051 -.llb 
,051 -.119 
,051 -.119 
l ?a -.,,a * 

-, -, 
-, 
-8 

.307 .336 :253 .33* 

.074 -.005 ,135 -.115 

.049 -.Oll ,099 -.09* 
,042 -.009 ,087 -.076 
.039 -,OOb ,079 -.ObO 
.033 -.009 ,060 -.05* 
.025 -.015 ,059 -.ObO 
.023 -.015 ,050 -.049 
.020 -.021 ,047 -.064 
.Olb -.019 ,049 -.ObO 
.007 -.032 ,022 -.072 
.OOk -.027 .028 -.067 

,.002 -.025 .037 -.ObE 
‘.02‘ -.035 .023 -.0‘2 
,.037 -.Okb -.070 
,.03‘ -.05* 

::A: 
-.00,' 

,.031 -.079 .012 -.llk 
'.035 -.075 .915 -.,I‘ 
,.04‘ -.07. ,022 -.115 
,.053 -.OW. .027 -.llb 
'.058 -.os* .029 -.llb 
..a“ -.092 ,038 -.124 
,.Obb -.093 ,039 -.124 
,.070 -.096 .043 -.127 
,.071 -.097 .045 -.1*9 
'.074 -.100 .049 -.131 
,.075 -.100 .051 -.131 
,.079 -.lOk .056 -.133 
,.0*2 -,lOb .ObO -.135 
,.o*a -.lll .Obb ,-.139 
,.092 -.I15 .069 -.142 
.094 -,115 .072 -.142 
'.090 -.lll ,069 -.132 
.01‘ -.lOb .061 -.133 

.472 
,300 
,235 

:::: 

- 
.I 

-.1 

- 

-.I 
-.c 

i: 
I1 
I9 
'a 
I‘ 
'1 
11 
IS 

-.c 
.202 -.c 
.190 -.‘ 
.1*0 -.c 
.17* -.C 
.lb9 -.lOO 
.1‘S -.0*1 
.18, -,o*o 
.lse -.112 
.132 -.I49 
.126 -.lbl 
.113 -.145 
.lZB -.lU 
.119 -.13. 
.099 -.,47 
.006 -.156 
.076 -.lbl 
.0*2 -.lbl 
.OBZ -.lbO 
.070 -,14b 

:::: -'lL9 -.173 
.035 -.,a2 
,027 -.1.4 
.024 -.17* 
.027 -.174 

:::: -'170 -.172 
.034 -.177 
.039 -.173 
.040 -.177 
.040 -.178 
.Okk -.17* 

,472 -.03S 
.350 -a315 
.2*5 -.7.22 
.2‘9 -.lW 
.270 -.I,9 
.2U -.,a9 
.22. -.140 
.221 -.1*0 
,216 -.I39 
.213 -.145 
,220 -.129 
.*32 -.127 
.179 -.1kb 
.lbk -.1n 
.l‘b -.205 
.155 -.1*5 
.lba -.177 
.lbO -.190 
.13‘ -.1*7 
.lzk -.193 
.115 -.19* 
.120 -.200 
.llI -.201 
.105 -.205 
.091 -.ZOb 
.OI8 -.211 
.071 -.217 
.Obl -.219 
.ObO -.212 
.0‘3 -.20* 
.Ob. -.204 
.0‘9 -.zos 
,070 -.2l3 
,075 -.209 
.077 -.212 
.07‘ -.2l5 
.0*1 -.a* 

.kbJ .279 

.199 -.Ob9 
,155 -.03, 
.lkl -.033 
.137 -.0-d‘ 
.I25 -.031 
,111 -.035 
,106 -.03* 
.105 -.0*5 
.093 -.o,* 
.091 -.03, 

2," -*035 -.072 
.067 -.llO 
.054 -.lOZ 
.044 -.09* 
,050 -.0.96 
.050 -.091 
.031 -.103 
,022 -.112 
,010 -.115 
.Olb -.,I, 
,015 -.1X4 
,004 -.122 
.OOb -.127 
.012 -.133 
,026 -.I43 
,033 -.146 
,032 -.140 
,033 -.137 
.029 1.133 
,029 -.135 
,029 -.130 
,024 -.13a 
,023 -.137 
,023 -.136 
,020 -.13‘ 

.koa .199 
,252 -.131 
.193 -.o*o 
.1*0 -.ou 
.lU -,051 
.lbb -.057 
,153 -.0‘3 
.1,4 -.0‘5 
.140 -.071 
.131 -.OR 
.129 -.05b 
.1*2 -.059 
.I26 -.093 
,103 -.132 
,091 -.129 
,000 -.122 
.094 -.110 
,007 -.115 
,067 -.126 
.055 -.135 
,045 -.139 
.051 -.137 
,049 -.13* 
.03* -.1,4 
,027 -.149 
.o*o -,15, 
.007 -.1b2 
,002 -,1‘5 
,003 -.159 
.002 -.lY 
.002 -.1s3 
.004 -.155 
. 004 -.159 
,009 -.154 
.009 -.15* 
,010 -,159 
.013 -.1‘8 

.Lias .323 

.200 -.203 

.159 -.170 

.13* -.15b 
,127 -.117 
,112 -.090 
.104 -.OBb 
.093 -.O% 
.091 -.091 
.093 -.oea 
.062 -.099 
.0-/o -.095 
.072 -.090 

074 .302 
,260 -.271 
,215 -.2*7 
,190 -.24a 
.l?? -.213 
,161 -.15* 
.151 -.121 
,144 -.11* 
.140 -.123 
,133 -.119 
,102 -.130 
.113 -.124 
,120 -.117 
,102 -.115 
,086 -.119 
.07b -.I26 
,067 -.I57 
.ObO -.171 
.051 -.173 
,044 -.lb9 
,039 -.1ba 
,029 -.171 
,029 -.172 
,026 -.173 
,023 -.173 
,018 -.17* 
,015 -.1n 
.009 -.1n 
.004 -.179 
.002 -.1no 
.OO? -.122 
.OlO -.1*1 
.007 -.177 
.002 -.173 

,.O 7 3 ,245 
.357 -.*I4 
.315 -.*o, 
.2*5 -.*lz 
.2&P -.*01 
.25* -.3W 
.243 -.33, 
.245 -.3l‘ 
.21& -.310 
.7.20 -.307 
.197 -.310 
.213 -.302 
.207 ~295 
.171 -.ZW 
.I49 -.2-n 
.I51 -.ZbS 
.147 ~2.5 
.140 -.L17 
.l27 -.224 
.119 -.a0 
.ll, -.214 
.lO, -.21‘ 
.lOZ -.217 
.103 -.222 
.ow -.22‘ 
.092 -.2.21 
.ODb -.D1 
.07* ~233 
.075 -.Zft 
.ObO -.233 
.ObP -.LIl 
.ObO -.Z!-33 
.0‘3 -.231 
.070 -.ZZI 

,310 -.33‘ 
.2bk -.315 
.23* -.X20 
.223 -.310 
,206 -.2*5 
.197 -.2l5 
.19‘ -.l,, 
.17‘ -.14. 
,172 -.143 
.14b -.155 
.155 -.lU 
.u5 -.lU 
.lkO' -.142 
.I17 -.lU 
.llo -.147 
.104 -.179 
.097' -,194 
.0.7 -.19* 
.079 -.19b 
.072 -.193 
.on -.195 
.Ob2 -.I94 
.OU -.195 
.059 -.19. 
.053 -.201 
.050 -.200 
.041 -.199 
.O,b -.201 
.031 -.202 
.025 -.202 
.022 -.too 
.OZb ~197 
.031 -.19b 

.o*o -.lOb 
,027 -.13‘ 
.022 -.1,s 
.012 -.142 
.000 -.,u 
.003 -.,,z 
.OOb -.l,‘ 
.007 -.1u 
.OlO -.149 
.ol2 -.151 
.018 -.153 
.021 -.15a 
.025 -.1W 
.030 -.154 
.03b -.159 
.040 '.l‘l 
.0*3 -.1*1 
.Okl -.15* 
.036 -.I53 
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(E) Concl”ded 
- - _.-- 

ANCLE OF ATTACK. = 

XIC 

l 009 -.140 ,211 . 000 
,343 -.461 .412 a026 
,321 -.450 .406 ,048 
.305 -.454 ,399 ,075 
,277 -.450 .379 a 100 
a261 -.449 .365 al25 
,255 -.445 ,359 ,145 
,250 -.419 ,330 ,199 
.225 -.368 .302 ,248 
,196 -.I354 r28B ,296 
,175 -1350 ,267 ,350 
,169 -.340 .253 ,401 
,146 -.355 .233 ,426 
,134 -.358 .219 ,450 
,122 -.360 ,208 ,475 
.118 -.365 .207 ,500 
.109 -.366 ,201 L 526 
,104 -.3&Q ,200 ,550 
,095 -.367 ,195 ,575 
.087 -.370 ,190 ,600 
.093 -.370 ,199 ,629 
.089 -.372 ,196 ,650 
.074 -.375 ,184 ,674 
,072 -.372 ,180 ,699 
.071 -a369 .I77 ,724 
.067 -.364 ,180 ,750 
.060 -.355 ,167 ,799 
l ObO -.34b ,172 ,850 
.05b -.336 ,165 ,899 
.058 -.318 ,166 ,950 

A259 -.475 
.242 -.473 
.222 -.470 
.203 -.44b 
0179 -,4bl 
.157 -.452 
,149 -1448 
,135 -.446 
.I33 -.441 
,124 -.437 
Bll4 -a437 
,092 -.437 
eO92 -.436 
,092 -.434 
,076 -.431 
tiOb4 -.427 
1064 -.422 
,060 -.419 
,067 -.4ig. 

,,08C 
.411 
.42: 
.4Oi 
.366 
.37F 
,362 
.341 
.311 
,294 
,274 
,251 
,253 
.24? 
,241 
,2fI 
,224 
,204 
.203 
.207 
.194 
,186 
.I80 
.lSC 
,182 

,000 
,023 
,046 
,076 
,100 
.1aa 
1149 
,200 
,249 
,299 
II48 
,400 
,424 
,448 
,473 
,498 
,525 
.553 
,575 
,600 
a650 
r703 
,751 
,798 
,651 

1228 -.452 
,211 -.453 
,191 -.450 
,174 -,44b 
1154 -.444 
,144 -.442 
,124 -.437 
,107 -.429 
,095 -.424 
,080 -.418 
,073 -.415 
,046 -0415 
,054 -.409 
,054 -.406 

,144 
.408 
.381 
,366 
.330 
.321 
.301 
,287 
,262 
,259 
,243 

:::: 
.199 
,196 
.172 
.180 
.I76 

iooo 
,069 
,120 
,169 
*219 
,270 
,321 
,373 
,421 
1469 
,120 
.574 
,622 
,673 
,724 
.774 
.824 
.a72 

Wb= 0.40 - .~~ 
,225 ,190 
,195 -.261 
,159 -.269 
,142 -.248 
,123 -.244 
,112 -.226 
,106 -.211 
.083 -.118 
,084 -,I25 
,078 -,I27 
,053 -.127 
.040 -1119 
,020 -.136 
,009 -.146 
,001 -.160 

,.002 -.1.58 
,.007 -.I77 
.014 -.I86 
,020 -.190 
.030 -.I91 
,025 -,181 
.031 -.I82 
,042 -,I87 
,043 -.I89 
,044 -.lBB 
,042 -.190 
,042 -.1&5 
,046 -.I84 
,046 -.180 
,048 -.I79 

- z 

,089 ,099 
.256 -.1'S, 
,219 -.335 
.200 -.319 
,180 -.319 
,171 -.313 
.159 -.310 
,143 -.284 
.131 -.143 
.123 -.I51 
,091 -.I52 
.080 -.145 
,062 -.I57 
.051 -.lb8 
.040 -.I80 
.03a -.1*7 
.030 -.196 
,024 -.208 
.018 -.214 
,009 -.217 
.014 -.211 
,008 -,211 
.003 -,217 
.005 -.215 
.005 -.213 
.006 -.213 
.OOB -.zoa 
,013 -.206 
,013 -.POl 
.017 -.lQ.Q - _- 

,040 .033 
,075 .025 
,100 ,016 
,125 .014 
.I45 ,009 

,298 -.014 
.350 -.03, 
.401 -.038 
.426 -.055 
.450 -.060 
,475 -.063 
.500 -.068 
,526 -,070 
,550 -.OBO 
,575 -.005 
,600 -.091 
.bZQ -a089 
.650 -.093 
.674 -.103 
.699 -.lOb 
.724 -.lCb 
.750 -.I06 
,739 -.I02 
,850 -.I02 

.ooo .233 
,069 -.OOQ --r .120 -.033 
.I69 -.043 
.219 -.0.57 

.303 ,259 
1122 -.179 
.OQl -.I73 
.oc.o -.145 
.Ob5 -a133 

:::: -**** -* 106 
.040 -.095 
.032 -.095 
,029 -.092 
,019 -.090 
.004 -*O.QQ 

,.OlQ -.I15 
,.032 -.126 
,.036 -.141 
,.040 -,149 
.*042 -.156 
,.052 -*I59 
w056 -.159 
,.063 -.159 
,.059 -.152 
5.067 -.157 
,.07b ~165 
~079 -.165 
,.079 -.165 
,.078 -.166 
,.075 -.162 
,a078 -.160 
,.079 -.157 
,.080 -.156 

,341 
-.045 
-.04Q 
-.041 
-.043 
-.03.3 
-.040 
-.043 
-.047 
-.048 
-.052 
-.059 
-.083 
-.098 
-.llO 
-.I14 
-*113 
-.I13 
-.116 
-.120 
-,I17 
-.I20 
-.I29 
-.131 
-.133 
-.132 
-.120 
-.126 
-.125 
-.125 

,011 ,008 
,302 -.397 
,268 -.HQ 
,253 -a77 
.234 -,378 
.213 -.372 
.203 -.371 
.194 -.361 
.186 -.335 
.162 -,221 
.I30 -.175 
.I23 -.169 
,102 -.182 
,091 -.lQl 
,082 -.198 
.079 -.207 
,069 -.214 
,063 -.224 
,053 -.231 
,045 -.235 
,051 -,229 
.046 -.231 
,035 -.241 
,032 -.238 
,031 -.237 
,029 -.237 
,024 -.232 
.021 -.228 
,020 
,020 

2y/b= 0.60 

.159 -.181 .oi7 -.259 
,288 -.390 .328 -.452 
.253 -.3Q4 ,305 -.448 
.219 -.389 .273 -.4% 
,195 -.379 ,250 -.429 
.**a z.373 cam r-426 
,173 L.369 1222 -.422 
,152 -.365 .I94 -.416 
,126 -.363 ,171 -.412 
.113 -.364 .I52 -.412 
.094 -.361 ,135 -.413 
,068 -.354 ,111 -.414 
.063 -.351 .106 -.413 
.048 -.350 .093 -,414 
,049 -,34b ,089 -.411 
,034 -.343 ,079 -.410 
,028 -.341 ,071 -.409 
,009 -.339 ,051 -.410 
.007 -.330 ,048 -.400 
,008 -.302 ,051 -.401 
,004 -.225 .035 -.392 
,016 -.218 ,023 -.370 
.020 -.220 .OlQ -.332 
,023 -.241 ,018 -.290 
,016 -.240 ,024 -.260 

I- I ,276 .162 ,108 I -1193 -.244 ,104 

.OBO A.250 
,069 -.238 
.QbZ Fe215 
.b4b -.211 
,029 -.193 
,023 -.176 
,008 -.154 
,002 -.149 

-.014 -.150 
-.01* -.152 
-.033 -.157 
-.039 -.157 
-.052 -.160 

2Yfb = 0.80 

-.423 
-.450 
-.441 
-.435 
-,432 
-.42B 
-.425 
-.421 
-.419 
-.420 
-,421 
-.424 
-.425 
-.424 
-.424 
-.422 
-.417 
-.409 

,240 
.226 
.184 
,162 
.129 
.114 
.095 
,080 
.ObI 
.044 
,026 
.012 
,002 

-.007 
-.016 
-,038 
-.031 
-.033 - _- 

-.159 
-.156 
-.1.51 
-.162 
-.u4 
-.171 
-.I75 
-.I*2 

i 

-.191 
-.I99 
-.198 
-.201 
-.200 
-.I99 
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TABLE II.- ms¶mE COE?FICImm on 65A MC - COntinYed 

(3.) ReynOlds number 14.3 x 106; fixed transition 
- 

x/c 

T 

xc 
,024 
.OR 
.095 
.lZZ 
.1*7 
.1X7 
.197 
.a46 
.ZW 
.300 
,324 
.344 
.373 
.3-w 
.424 
.4+9 
.473 
.496 
.523 
.549 
.574 
.59* 
.b23 
.b49 
.b74 
.724 
.749 
,772 
.798 
.a24 
!.- 
.*-I4 
..s* 
.923 
..,O 
.974 

ANCLC OF ATTACK. a 
I I T- I 

.- 

” 

- 
.3*1 
.I04 
,001 

2:: 
.074 
,057 
,049 
.052 
.04* 
,024 
.oub 
,006 
,010 
,011 
,001 
,006 
,004 
.021 
,032 
,037 
,035 
,037 
.04* 
,053 
,060 
.071 
,075 
,071 
,071 

:::; 
.071 
,065 
,067 
.064 
e 

i 
Wb - 0.10 T 

.ooO ,365 

:::: 

:::: 
.037 
.019 
.Ol2 
.OOb 
.014 
.012 
.003 
.037 
.055 
,049 
.046 
.035 
.043 
.05* 
,070 
,072 
.072 
,071 
.0*2 
,086 
,094 
,103 
.103 
.09* 
.09* 
.096 
.096 
,099 
,093 
,095 
,094 
.094 

,394 
.4-f* 
.402 
.313 
.3b9 
.375 
03% 
.319 
.315 
.324 
.331 
.32. 
.2*3 
.2R 
,269 
.255 
,269 
.2C3 
,235 
,223 
,219 

:5: 
.215 
.212 
.204 
.lPP 
.1*0 
.1.7 
.19l 
.194 
t<O2 
.I% 
.204 
.200 
.297 
.20Q 

,470 -.035 
,372 -.309 
,2*4 -.Zlb 
.271 -.155 
,277 -.I40 
.ZbQ -.l% 
,241 -.1&I 
.a26 -.145 
,222 -.140 
.226 -.147 
.22* -.12. 
,233 -.12. 
.1*3 -.150 
.170 -.17Q 
.I74 -.207 
,162 -.1*7 
,175 -.1R 
.lb4 -.162 
.I45 -.lQO 
.129 -.lQb 
.I22 -.200 
,125 -.201 
.124 -.203 
.lOQ -.20* 
,101 -.20* 
.093 -.212 
,077 -.21* 
,065 -.219 
.Ob0 -.2X? 
,060 -,20‘ 
,072 -.204 
,076 -..22!6 
.07-Y -.2,.5 
.0*1 -.210 
.0*1 -.212 
.083 -.215 
.0*4 -.215 

.077 .ZU 

.35Q -.407 

.320 -.405 

.277 -.411 

.2b4 -.YW 

.259 -.a?7 

.a45 -.334 

.252 -.311 
.235 -.303 
.230 -.3M 
.210 -.302 
.217 -*294 
.209 -.2U 
.172 -.2*0 
.I52 -.271 
.lH -.261 
.I49 -.241 
.142 -*230 
.131 -.TZ* 
.I24 -.zz 
.I15 -.aaa 
.105 -.223 
.107 -.222 
.109 -.226 
..I03 -.2x 
.095 -*232 
.ore -.a32 
.oai -.232 
.076 -.233 
.ObO -.233 
,062 -.232 
,059 -1232 
,066 -.221 
,073 -gT 

,454 .265 
.21* -.Ob8 
.15* -.022 
. 136 -.039 
.I43 -.029 
.137 -.022 
.117 -.033 
.105 -,044 
.107 -.04* 
.097 -,043 
.094 -.035 
.lOl -.042 
. o** -,077 
.071 -.111 
,058 -.105 
,049 -.101 
,062 -.o** 
,053 -.093 
.035' -.lOC 
,023 -.115 
.017 -.119 
,010 -.11* 
.01* -.I19 
.005 -.127 

,.002 -.129 
.,Oll -.lYb 
.,024 -.145 
..032 -.I45 
..030 -,13* 
..031 -.lYb 
..027 -.I33 
..025 -.135 
*027 -.139 
,020 -r135 
.021 -.*?a, 
.019 -.lYa 
.017 -.13* - 

.471 .11* 
.32b -.16. 
.239 -.119 
,220 -.093 
.230 -.0*5 
.231 -,077 
.a03 -.oaa 
.160 -.097 
.I*7 -.09b 
.I64 -.lOO 
.1*0 -.07* 
.I94 -,081 
.162 -.I14 
.I41 -.151 
.136 -.159 
.127 -.I45 
.13* -.135 
.129 -.13* 
.10* -,I48 
.094 -.156 
.0*7 -.lbl 
,090 -.lbZ 
,091 -. lb2 
.077 -.169 
.ObQ -.lb9 
.ObO -.I73 
.045 -.1*2 
.034 -.1*2 
.037 -.175 
.036 -.172 
.041 -.lbQ 
.044 -.171 
,042 -.177 
,051 -.173 
.050 -.I77 
.051 -.I71 
.053 -.I79 

-.021 .27* 
.324 -.315 
.2*0 -.30* 
.240 -.314 
.220 -.29* 
.210 -.24* 
.207 -.190 
.20* -.lbO 
.lQ8 -.15b 
.190 -.151 
.lCB -.1*0 
.174 -.I52 
.ns -.144 
.I50 -.I44 
.u?b -.147 
,121 -.I53 
.llb -. 100 
,108 -.I92 
,099 -.195 
.093 -.195 
.0*5 -.193 
.074 -.I95 
.07b -.194 
.07b -.194 
.073 -.198 
.067 -.200 
.OU -.200 
.054 -.201 
.04P -.202 
.044 -.203 
,037 -.204 
.033 -.202 
.039 -.lsb 
.O4b -.I91 - .- .- 

.024 

.072 

.09* 

.122 

.I47 

.I72 

.197 

.246 

.274 

.300 

.324 

.349 

.373 
,399 
.424 
r449 
.473 
,498 
.523 
,549 
.574 
.59* 
.623 
.649 
.674 
.724 
.749 
.772 
,798 
.*24 
,848 
.a74 
.*9* 
,923 
.950 
&EL 

.179 -.047 

.156 -.OU 

.141 -.069 
,142 -.072 
,136 -.070 
,131 -.054 
,141 -.ou 
,125 -.097 
.lOb -.133 
,093 -.130 
.0*3 -.125 
,096 -.112 
.0*7 -.117 
,068 -.12* 
,055 -.lYb 
,040 -.141 
.051 -.141 
,051 -.141 
.03* -.147 
.029 -.149 
,020 -.155 
.007 -.lbY 
.003 -.1b4 
,000 -.15* 
.OOl -.154 
.003 -.152 
.005 -.153 
,004 -.150 
.012 -.154 
,010 -.15* 
.012 -.1!% 
.014 -.15* - 

- 
Zy/b = 0.25 

.160 ,320 

.221 -.195 

.177 -.lbO 

.I41 -.149 
,119 -.OQO 
.107 -.101 
.105 -.102 
.105 -.092 
.104 -.090 
,101 -.o** 
.072 -.101 
.07Q -.095 
.o*o -.0*7 
.065 -.091 
.053 -.099 
.044 -.110 
.033 -.13* 
.027 -.I45 
.019 -.144 
.015 -.143 
,010 -.144 
.ooo -.14* 
.OOl -.I49 

..002 -.150 
woo4 -.lY 
-.OOQ -*lW 
..012 -.154 
m.019 -.15* 
..023 -.157 
..02* -1159 
..033 -.lbZ 
..037 -.lbO 
,.OM -.134 
..027- -.I49 

-- 
.342 

-.104 
-.076 
-.062 
-*055 
-.062 
-.062 
-.055 
-.05'1 
-.053 
-.Ob, 
-.059 
-.055 
-.062 
-.073 
-.0*5 
-.111 
-.ll, 
-.113 
-.114 
-.I15 
-.121 
-.*a2 
-.I23 
-.125 
-.1?.7 
-. 120 
-.131 
-.*33 
-.13* 
-.140 
-.13* 
-.133 
-.127 

.OW 

.023 

.040 

.07a 

.OW 

.lzY 

. 1.. 

.179 

.lW 
.222 
.au 
.23-Y 
.295 
.323 
.3U 
.372 
,424 
,449 
.47s 
.500 
.S2J 
.W 
.52J 
.w6 
.U4 
.bu 
.‘74 
.b99 
.m 
,144 
IfQ# 
,045 
,099 
e!- 

.OW .316 

.0*3 .086 
,048 .070 
.072 .055 
.099 .03* 
.123 .02b 
.14* .02* 
.173 .02* 
.lQ9 .02* 
.222 .033 
,240 .015 
,273 ,013 
,298 .w7 
,323 .01* 
.34* .02* 
,372 .02* 
,424 .026 
,449 ,.029 
.475 ,.039 
,500 ,.044 
,523 .04* 
,549 .057 
,573 .05* 
,598 .Obl 
,624 ,061 
,648 .Obb 
,674 .Ob0 
I 699 .072 
,723 ,075 
,749 .o*o 
,790 .OM 
,*4* .056 
,099 .0*2 
@c .077 

,254 
,146 
,115 
,094 
,071 
.057 
.057 
,053 
.054 
rob1 
,031 
,034 
,040 
.023 
.Oll 
.002 
.009 
.011 
.01* 
,023 
.02* 
,036 
.036 
.039 
.040 
rO4b 
,041 
.054 
.057 
.OL2 
.Obb 
,069 
,066 
r!?E 

-.242 

:tS 
.392 

2: 
.3U 
.355 
l 349 
,336 
.YU 
.YlJ 
.2QQ 
.2b7 
.a3 
,256 
.250 
.24l 
.234 
.225 
.a19 
.217 
.224 
*a25 
.Ul 
.210 
.20b 
.202 
,197 
.lSl 
,166 
.191 
.lSY 
l lW -- 

.075 .300 
,274 -.263 
.226 -.245 
,106 -.247 
,167 -.197 
,155 -.I42 
.149 -.134 
.lY -.124 
,150 -.125 
,140 -.12l 
.115 -a134 
,119 -.12* 
,124 -.11* 
,105 -.x20 
,088 -.125 
,079 -.134 
,069 -.15* 
,063 -.173 
,054 -.175 
,049 -.173 
,042 -.173 
.033 -.175 
,033 -.17b 
.031 -.17b 
,029 -.179 
.024 -.1u 
.020 -.1*1 
,012 -.1*2 
.007 -.I*3 
.002 -.1.4 
,003 -.1*7 
,000 -.*a6 
,003 -.mo 
.002 -.1W 

-.01* 
-.023 
-.01* 
-.033 
-.027 
-.025 
-.039 
-.052 
-.Ob5 
-.0*2 
-.079 
-,0*2 
-.0*5 
-.o** 
-.096 
-.096 
-.099 
-.lOO 
-.104 
-.105 
-.lOQ 
-.lll 
-.115 
-.119 
-,I17 
-,lll 
-,106 

-, 
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TABI II.- PP.E0slmE comF1cImTa on 6ys YIER - concluded 

(a) Concluded 

i 
1 XIC 

.ooo- 
,026 
,048 
,075 
1100 
,125 
.1*5 
,199 
,248 
,298 
.350 
,401 
,426 
0450 
,475 
1500 
I 526 
1550 
,575 
,600 
,629 
,650 
,674 
,699 
,724 
1750 
,799 
,850 
1099 
,950 

:ooo 
,023 
,046 
,076 
,100 
.lZP 
,149 
,200 
,249 
,299 
,348 
,400 
,424 
,440 
,473 
,498 
.525 
,553 
,575 
,600 
,650 
,793 
,751 
,798 
,051 

1000 
,069 
,120 
,169 
,219 
,270 
,321 
,373 
,421 
au9 
,520 
,574 
,622 
,673 
,724 
,774 
.*24 
,872 

ANGLC OF ATTACK. a 

0 2 
XIC 

,000 
.OZb 
.04* 
l 075 
,100 
,125 
,145 
,199 
,240 
.29* 
.350 
,401 
.42b 
,450 
,475 
,500 
.52b 
.550 
.575 
.bOO 
.b29 
.650 
,674 
,699 
,724 
,750 
.799 
,850 
.a99 
,950 

2ylb = 0.40 

xTl1 .091 .094 
,266 -.337 
,232 -.340 
,215 -.325 
.I78 -.323 
,163 -.313 
.152 -.309 
.150 -.207 
,138 -.I40 
.I23 -.I57 
.I01 -.I59 
.0*2 ^ .149 
.Obb .162 
.054 
.043 

1 .I72 
,182 

.042 r.190 

.034 P.199 

,318 
.ObO 
,044 
.046 
.031 
,019 
1010 
,011 
,014 
.004 
.024 
.02* 
.045 
.050 
.057 
.ObO 
,063 
.073 
,080 
,084 
.0*2 
.0*7 
.095 
.097 
.095 
.09b 
.092 
,095 
,095 
.093 - 

.230 

.426 

.432 

.415 
,384 
.3*0 
,370 
.354 
.323 
.308 
,287 
,275 
.25b 
,244 
.237 
,232 
,237 
,232 
I 225 
,217 
,223 
,221 
,206 
,202 
,204 
,203 
,189 
I 10E 
,183 
,I** 

'.105 
,433 
,431 
.425 
,402 
,383 
1377 
,356 
.346 
,333 
.309 
,285 
.2*0 
.2b9 
.270 
.259 
.251 
.226 
.227 
,226 
.21* 
.206 
,195 
.202 
,195 -. 

,133 
.421 
.409 
.386 
.354 
.332 
,310 
,292 
,274 
,277 
I 262 
I 246 
,239 
,230 
,225 

2:: 
,194 

- 

,303 ,265 
,129 -.171 
.103 -,I59 
,097 -.131 
.069 -.I18 
,053 -.0*9 
,045 -.096 
,044 -.096 
,042 -.oa9 
.030 -.090 
,017 -.088 
.002 -.090 

%019 -.112 
,,030 -,I23 
'.037 -.13* 
,.039 -.144 
,.042 -.150 
,.051 -.155 
,.056 -.156 
,.064 -.156 
,,059 -,I49 
,.Ob4 -.I53 
,,074 -.lbz 
,.077 -.162 
'.074 -.lbl 

.031 .007 

.322 -.397 
,291 -*395 
,274 -.3*3 
.23* -.3*1 
.219 -.372 
.213 -.360 
,207 -.35* 
* 198 -.33* 
,169 -.2*0 
,144 -.173 
.I34 -.173 
.I14 -.186 
,102 -,I91 
,090 -.197 
.0*9 -.204 
,080 -.211 
.075 -.222 
.064 -.228 
.055 -.237 
.Obl -.230 
.055 -.230 
.044 -.240 
,044 -.237 
.045 -.236 
,045 -.230 
,039 -.22b 
.033 -.224 
.034 -.221 
,033 , -.217 

.096 -.139 

.353 -,456 
,330 -.451 
,308 -.454 
.270 -.457 
.263 -.447 
.253 -.442 
.253 -.414 
.22* -.371 
,196 -.362 
.I78 -.354 
,168 -.351 
,147 -.359 

.135 ,125 2% 
,120 -.3bb 
,114 -.369 
.lOb -.370 
.096 -.370 
.000 -.372 
.095 -.371 
.092 -.372 
.077 -.375 
.077 -.372 
.076 -.370 
,074 -.362 
.067 -.354 
,063 -.344 
.ObO -.333 
.>bz -..316 

.057 -,257 

.343 -.451 
,323 -.449 
.tEb -.443 
.ZbB -.436 

:::: 
a;;t 

,193 -.420 
.1*3 -.415 
.I73 -.416 
,152 -.411 
,124 -.411 
,118 -,410 
,102 -.411 
.lOl -.409 
.091 -.407 
,003 -.407 
.064 -.404 
.059 -.401 
,059 -.396 
.04* -.391 
.035 -.372 
.035 -.337 
.032 -.279 
,037 -a272 - -- 

,'003- -;i,i 
.363 -.477 
,353 -.474 
.321 -.471 
.301 -.471 
9296 r.473 
,251 -i475 
.234 -.471 
*226 -.4** 
.Zlb -.466 
,104 -.460 
.162 -.451 
.151 -.447 
,140 -.444 
,137 -1441 
.128 -.439 
,120 -.439 
.09* -.43* 
.095 -.437 
.093 -.435 
,081 -.433 
.070 -.431 
.071 -.427 
.067 -.422 
,072 -.414 

,193 -.469 ,173 -'vii2 
.291 -.483 ,334 -.460 
,247 -.476 .290 -.45* 
,230 -.472 ,276 -.456 
,197 -.460 ,233 -.455 
.1*4 -.465 ,218 -.453 
.150 -.463 .1*5 -.451 
,127 -.462 .lb8 -.44* 
,100 -.461 ,141 -.445 
.0*5 -.4*1 .I34 -.443 
.0*7 -.462 o 126 -.43* 
.07* -.461 .112 -.429 
.070 -0458 ,107 -.423 
.055 -.453 .092 -.417 
,044 -.450 .0*2 -.415 
.Olb -.450 ,054 -.414 
,020 -.451 ,065 -a409 
,025 -.454 .063 -.405 

.341 
-.050 
-.050 
-.037 
-.03* 
-,042 
-.051 
-.049 
-.047 
-.050 
-.054 
-.obb 
-.o** 
-.I03 
-.I14 
-.117 
-.117 
-.I17 
-.I23 
-.127 
-.124 

.OOl .216 

. 000 ,210 

.004 .207 

-i- .- 

.012 ,205 
,010 .202 
.013 .I98 

2ylb' 0.60 

,022 -.I71 
,013 -.151 
,012 -.lbl 

-.OOl -.I57 
-.019 -.153 
-a025 -.156 
-.039 -.15* 
-,044 -.156 
-.055 -.161 

I-- 
-.Obl -.164 
-,077 -.175 
-.0*2 -.1*0 
-.0*1 -.1*2 
-,090 -.l94 
-.096 -.205 
-.096 -.210 
-,099 -.215 
-,09* -.209 

.237 -.4i7 
,237 -.451 
.lQO -.445 
.170 -.43* 

,263 
,006 
,052 
,042 
.01* 
,007 

m.012 
..027 
..046 
..070 
..0*9 
..090 
..093 
..lOP 
.,110 
..130 
.,122 
'.125 

;; 67 T -.300 
-.307 
-.305 
-.304 
-.300 
-,29* 
-.29* 
-,294 
-.292 
-.292 
-.291 
-.289 
-,287 
-.2*1 
-.274 
-.262 
-.250 

.13* -.434 

.123 -.430 

.095 -.429 
,072 -.42* 
.045 -.429 
,027 -.430 
,017 -.431 
.013 -.432 
.OOQ -.432 
.OOl -.432 

-.OlO -.425 
-.037 -.424 
-.028 -.423 
-.02* -.425 



Figure l.- Plan form of test wings. 



x 

z 

Figure 2.- Root sections of test models. 
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Figure 3.- Cross-sectional area distributions of test wings. 
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Figure 4.- Pressure distributions on streamwise direction. a = O". 
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o R = 4.3~10: fixed transition 
q R = 2.OXW. natural transition 
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Figure 5.- Pressure distributions in normal direction. a = O". 
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Figure 6.- Pressure distributions at positive lift. 
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Figure 6.- Concluded. 
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(a) Spanwise drag distribution. 
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(b) Section wave drag coefficient. 

Figure 7.- Experimental and theoretical drag values. 
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Figure 8.- Comparative thickness distributions. Polygonal airfoils with N = 20. 
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0 Sears- Hawk, a = 4O 

d Sears- kbock, a=8” 
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(a) Normalized normal-force landing along the span. 
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(b) Normal force and angle of attack. 

c, .2 

0 .02 .04 -06 .08 .I0 

0 Sears - Haack 

0 65A 

0 Sears- Hawk 

0 65A 

(c) Pressure drag coefficient and lift coefficient. 

Figure 9.- Variation of span loading and normal-force coefficient with 
angle of attack. Dotted lines indicate linear theory values for a 
delta wing. 
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Figure lO.- Delta plan form and polygonal airfoil section. 


